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(30) -^-tig^S- .3474641 997^12*11 71! tjS(JP) 

(71) □(-^A|c^D|>4jn 7f«.A|^|7ho|A|: he|a|e|. s.o|w| 

(72) Cj«£D|£Am£ 

a Him^ JH EH-m| A| 0 (:□ [-Ell «| 7 K| 1 -1 6-1 3 

^^-JH^^Jn e|-l.|.u|| a| p 2-2 

0|^*|D|-^D| 
A^ful^A] 

S&^jIlM^0^|-E|.A|0^Eh^7|fiC>7-1-415 
±i^3|^.A| 

tt*^SA^|-^£A^A|[D|0fjlX|DHi£H^L»|2£l-5-7-1011 
MA|EHo|7^. 

aS^^ahS! U^£|-A| D| 0^2-1 o-3 
MA|EmD|^|o)^ 

Bl S^MaR* uja>A| 7 Roy □ | £a| 7 ^^2-1 6-5 
m^D^AW 

tt*^SAt^|-^£a|Ti*|A|£c^5-22-13AS.S329 

US^Mara u^aj O [om\ o| 5HI □! l-^|8H -30^! = Wo^mi o| 5HIB-601 
(74)q|a|oj 7 D t|t| 

' SIM 



(54) ^x-j|^o| xij^H^^ n *j|2ES"*| §J «l-JE*i|^:X|-S|. 3*l|3E&fl 



O OA 

^3§*J£|5 «fat = eHx|^Eis| ^ai^^sisi oj^S 3*1 ©hoi £^ o|*s, 7fx|^ b^^xh g7| ^| 3H ^°JS 

7|B(201W Sofe §°j°{(202)£| SSSEgol, a flcHI Sflst(203)a| Sg3JE#MD|- e 3q|£ S ' o^lo) 

2 § S<S*tS ^D|^ojAH 7|^(201)^| SAjoh ^ Soj°|(203)# ^M^oi^Mo^ n|| eh S ah 3 

* "HEP SB S^et^oil d|§^ «ja|Stt[B«204)# c+a| g£ SJ°jst(203)s| ±5LB[o\ «nHfd o S 5<Ws* 

xAKSD^AfS^ U|gg 4!a|s«|°i (204)# ^3S^£|^^(210)H^. oJ-cK 



^aa^lais, ttWsgxi^E-i, ^ISa-MS*!. siltt^M- o|S£, Ma^g?!©, Aja|s^Q| 



8MM 



SRAM(Static Random Access Memory) #SJ LSI §o|| ^g^lfe SJH*l|Sts| 3 *i|3£&*|o|| ^jo|cK 



#£^Dj- CVD 3 S! CVD S-xpr a^^|H SjcK 

o|# ^lasgj-a ^ S*|o||a1 o|-as.2i^:-y£|^(a-Si)^-E, Zl A-il*|o|| st! 7HSWI 2-1 ms-gai y£ 

*ii9|°|o^Ai 7ife^ ^^chi asm, oiis Htraom bi^w h-sn. ey^Mcns sih^ehoi**, ^ L|iui7iioiti§*i 

#Oj| 2iOjA-|o| QHei^dIIebI^ Oij§C|±:#B||0|o| S^t* ^rlSH^i^l^N , ^jA|°ja|o| 0 | □ | XjAf] Ai § ^A}| Aj , *j X\7\\ *\7\ % B] 

si Ei»a^i *si a^i»«rs*m ^# aaiais eon °ioiAi ^s^siii aw. 

£K7| o|-a.siB]>.Ai E |so| £|q) §gs 30CTC §£°| = §£oj|A-i 7\&#o\\ aH^ah y§^£S *1iSlJ- 

* Mch 

»S, -B2H q^#^|om o|D|x|£iAio| qig^ ( s|^s-| :iiB5EaKS84W(»fBIWt)):>l- fic|- ^§oi| 

* 5?i£r 4la|S6>5E*l|ttrBto| £L^h|£H| £|CH Mch 

0)| # «Q A}7| Oh£SJB|^^a|So| g^fijnj o|g£(£»flE)fc 7^ 1.0cm 

2 /V • SeC 0|Di, OZp. # D_^A|?|^ *j7|*| jlah^ g - 

oil SiF 4 -1 ^IJ-moi #B^ohCVD S# 0|§l r o^ i £|^o^ ^°|« ^§^A|^|^ §J (2) o^efl^-ftj 

3^|(itrsg«)^AH A|i§^ th|^«^o| 7HS-£|H sicF. 

(D-E B}E«|ttfBts| S^^r lr A I oil aS2hB«l*^l «|in^ H^(600°C o|^)©s 7HJr ^S7f glch 

nepl -t-I oH a-j 7|^o^ah ji^o\\ ^ i7F°| ^g7|£h a^^ 5!fi.7|- 5ioi, xp|-°| #a|7|&# a[#3^ yo| 
oi ^|^^^H7F feof-^c^ ojcK 

^|^ SSfe, CHI w #3 ^B|H°m^t^| ^!§SA|^|o|| K0| Af§£|^- 3y 7059 ^a|^S§0| 593 °C O | d=| 600 °C 0| 

^^l 7^x-|a|# ^-£|7|#°| t^om ^oj 7|^|^oj £|d = 0 | ^xi^H^IHS, &[£*!|S|^s| 1^^^)^^ qh 

§nHya| ^tSHSAil^: §o| £^H*M. 

(2)-^ 7|^^oj| oFJ2isiti^Aj£|^d|o| S gAH^, opjm y^Moi c[^^b.\^(^b\^r\m : p-Si)^^# ^ 
^, 600"c §is| ^j£oi|A-i o|^ £ | # ^lol^ojy s(^o| °J!A|QiEflo|A--)oiyg)o| oi^^icK 

2^1 O^sjt)^b|o| 0 | gAHSj 7|^# 7^S^0i 600 "C 0|A^o| ^ £ oi| 20A|7} 0|-y ff-X|tF 5i££S, 94 A| 

^l^^^H #7F e# ^2H^K 

fiS, ^^r^l *WDjB||o|x|oltf HS, ,EEE Electron Device Letters, 7(1 986)pp. 276-278 o|uf IEEE Transactions 

onElectron Devices, 42(19 95)pp.251 -257 o|| 7Ha|£|o] b^2^ ^o| oFh ^i^^aj a) 3 aj-ofofl ^o||Lix|7F S UV ^a|cHb^| 
o|xi^}# SAKBB»)s^ 3§5W?I^ aoioi, ^B|7|5#7f?|^x| a^, S^lsnf o|^£7F ^^(>i00cm 

2 /V • sec), aim*! 37|34 ^^°| ^ai^^^fS -gg^FZi 



^ t ojssjr^AjBig^ £ 10|| b\\M bffi( ^-E Wf-^S oi|# #g XeCI °*|a|d^|o|x]o|| o|oj- n|.^o| 30 8nm s| 

E^OlXi^Oil CH*||*ifc ^^Til^^f 10 6 cm- 1 S£0|°^, Bi|0|Xi^74°| OhE.SEl-A.AjBlSol S°jOj|A-) 1 00 A S5E^| °J^O]|A-j & 

t^U, 7-|o| m-^ X | °^(qpH 600-c o|*h, o^s^^aigoiol zl^h^ ^ asanas*!- £Efc Et3S*H 

*l »t 0^sjE|^e|D|oj ^±:S«o| fg^f aS^KH 047|O|| JH^AH 0 | ozpsi- =BfO|tHfi|S» «g 

3^ c^«a4oj gajom, o|a| ggs|oj 91^ §.\^o\\ c||a|x|* 7^x| ^m, ^*wo £ ^qj 7|»^s| 

o fcS o| asasfatf ggttt g0 | 7^ clinch 

°l ^ I w cHI £|*hS CPU(Central Processing Unit) ^# Stt ?l##o|| ga)*hfc 3d.£ 7fe*HSch 
o=PI>H, 4P|£r p-Si # a HIS- y£*i|^^o| oi|^Aio| TFT o| &jy*joj 7H|s«j-^o|| qjsfoi aS»c|-. 

£ 2£r saai-uKcoplanart^SSl TFT(110)s| c«sfS H^iOlct), £2a^ TFT(110)s| S^5E, 5. 2b JE 2a o|| SiojAi 

oj p_ p . chi Ai EJB£o|cK 

£ 20]| LfEfa u[2fso|, *p| TFT(110)« 7|fiKl11)£WI fltla£§(1 12)*h p-Si s+(113)*K *il 1 3 S s|-(?Bo|H§fi af) 

(114)3* *II2 afla«ll6m Tlloisg^dis), ^3^(1 17s) 9U ^l 0 JS^(H7(D)) 3?H*I 3^o| «gs|o| t^s|oj o,^ p _ Sj 
ftKH3)« Si(4(2|5)£ o|^oix|fe n§£ y£*||*o|cK 

£E. p-Si e«113)« flc|aS*(112)^o|| n}|EiysL|cH a«E|o| 81 cK 58, P -Si Bt(113)« *Ha9^(113a.W ± 

^a^(113b) a =alie!a^(113c)SS *|CH SiSol, *p| r£i^g<*(l13b) a HBl|ojgsj(H3c)-& *HHSS| (113a)s| ^^o|| ^|x| 

0| r^^°J^(H3b) SJ HE^|oJS^(113c)-E- 2! BE^ ^9] 0|§# £9lf£^ S^Sc*. 

fll 1 «ae«ll4)S o|< m# o|^a^a|5(si0 2 )°s. oi^ojxm, ^7 1 p-Si SK113) a tfc|a£*(i i2)a| ?|*&o|| Mgs\o\ °! 
ch 

^|0|e S ^( 115 )s oi|# #^ ^^a|fe(AI) 0|^Oix|^ 3^«k°|o|c:K 

o| ?i|o|E S ^ {115) s xi| 1 aast(n4)s| ^|^oi| 5ESp-Si s+(113)s| U S ^ (1 1 3a)oi| ^\x\o\\ ^^s\o\ °i 

C K 

xh| 2 S^at(ll6)-E CM|# #04 Si o 2 ^ olJfLoixjjJ, #?\ 7l|o|Eg=(ii5) S ^1 1 SQat(1l4)£| fl^o|| ^#£|ol slcf. 

^1 1 a«aKl14) » 2 §^^(116)011^ ^ p-Si s|(113)2| (113b) SE^ =B«oja^(113c)o|| &o(-'-^ sei|e S ( 118 ) 

(118)o| §ah£|cH xic-r. 

^S^(117s) » H£fl£!3^(l17(D))-B 0| 3BHE|( 118 ) )(118 ) f # ^ ^S«(113b) HE^ojg^ (1 1 3c)Bf a**t£« 

av7| ^10(^3^(115), ^^3^(11 7s) a =b^I3^(117(D))-E £a|*i- 0 |S|o| ^-^cH|aH ^§oj |u^o £ nHNyS°mM) b(] 
3HHSS ^^oFJi 5icK 

£PI TFT(110)-^ cj-gjlf S0| ^foi *i|Z££|:iL oicK 

a^i, ^7| S^ah 7|£H11 i)^oj|, oi|# Si0 2 o|^o]x|^ ojci^E* (112)S ^at^cK o|^u), ^oj| §ah £ |- p _ Si dj. 
(113) «f{4 ^| oi cK 

^r^oji, eciasftd 12)^011. b|SS^(^ B B Q Mtt)^a|^^^A-io| a ^ Si d|(^a|^x| o^|# #3 CVD Soil °| 

oW ^^loFZI, o| a-Si oijgo^ ^xho| §mo^ n|]E-|y^cK nE|JZ, nH^y-E *c^| m°WE. 

^oHA-i, a -si ^o|| z}n\x}°\ ^A|QjB^| 0 |x-i SA^|-oi »a(»*)»c:KB||o|^ CH^). o|^Atj, 7HS ^ ^7 1 a-Si sfo| cfagsf 
«W p-Si ^(113)0| a^JScK 

o^l^H, a-Si E}^g^o||AHo| go| g-^- 7f a££, o||Lix|go^Ai 5ij a|ch b^o|x)# o|g^°j a -Si 3^5402 
^^^^ 

Lth£M, ^IS{111)S| S£ fe^0| *toRsL, Soj^ 7|& (l11 )o| xfj^^Ai X^^M^| ^£|7|ff x|]g^ - oi C |.- 0 |§ 



o| sick 



#7\o\\M p-Si st(113)s| floil n 1 atiat(114)« ^gf CVD (Chemical Vapor Deposition^ S D 4o[2, *i| 1 

af(114)^oi| 7Uo|sg^( 115 ) S g^^K 

c*§oH, £p| 7]|0|HS^(115)# d[±H£ p-Si ^(113)oi|, oils S3 o|^£ggo S £Lr) £fe sj^je^F S£#o|£, 

T^SlSSfc oj cr - s_ B # o| #£#0|^# t*SI»CK 

ol^At], p-Si af(1 13)011 *HBge«ll3a)*l ^:^S^(ii3b) SU Hsf|ojg°*(i 13c ) 0 | aagcK 

£r#oj|, 7i| o|HS ^(115)4WI *fl 2 aest(116)# astt! 1 (118),(118)S o(|< S3 S^lft* **W*) 

EHy^oj (117s) S! HBilE!3^(1 17(D))* g^*hcK 

Ak 7 |^ ^-E- p-Si SK1 13) S^^rSoil 5ic^A-jo| <*] A|D^|o|xi #°| a^gg^ °| a||o|*|fc #^o| 3.2L, o«* SS ate!ffla#s| 
ttS*(&*|a| tftKHI *e|*Wek S^S l> k ^|7|^ £|o| nwi# 7fx|n acK 

^, o| a||o|x|fc 1 ^^o| ^A^|^o| ^ 10nS S£S aH^ Sal sa>a|£|- «I(^)^a^a|^o| g^*^ ^x|h^, -g^S a 

£|SatS 3*r*M ^a<>l|Al SS^flcf. 

ZlEi°^, SS^g-g^uf o| Xilopl- 56.^0), aa«S-0| £|7| CHBi^Di, SSOJSOI ^Op^ gaS*i(S££& 

^)a!i7r s^xiTiM oi ?ix|7i ^xp-m ^ ^Aioii, aa a»oi ato^pi ti^K 

4J-A||S|-7||fc b|o|x| 3=a|. ?s| a^gofl SicHA-j, aa«l(»)o| ^S^o^l ^ol-H, ^a*4WII a«@ zWs| SS^-E z|- 

zi ^a^*}- »»o £ a#tw. nam, aaeixw^i?} **» aaasroi a*iscK 

ois> r a* gswae >i*f 2s°j^ ^n^s ssh& a^ai aoi acj, ziehh^, aaa^Ph ch* p0 i y -si st 

©3. hiji, o|f^ a§ poly-Si atoj ^fe 3^ n^\o\7[ S»*MI o|*th ^ £S H^AJ* o|*£ TFT *go| a*fflcK 

cl-g, 3§£§-£| S! aaa&8 °MI ^fe 3do| sa» o|#oj| q|e|-o^ &Mmn ^SeJ-cK 

Ak 7 | ^iA|cH£^o|xi^ xe, Kr #s| fi|(*)7^aK CI, Fe tfS2!a| Sx[«j£^ o47|(BS)«l-c- gJ-ao|| °|§H 

tK o|ch^^ 51EW7II Afs^7| chbcK 

ziei ££, as:H^|u|-o|x-iani S^Til-i- o|#^oi ^ cm ^l(^) S5E^I a^§ a^g^o| §y £f 

3££ S«e Sfflol Ej|o|xHo]yacH| SicHAi a«s|21 551 cK 

nalZL, 7|&^oi| ^AHg ti|(^)^ag^S|(#A^ 0(-HS^^bfD|)o| gXH^0i| 5iO|AH^, 0| S S# ±?Ho^Ai ^Af3^ 

BHX|^Bi^AH 0 | o| §£ |x| o^- QTllS^ 0|-^i7h ycfe oi cK ZLE-IHM, 0|# # ^H^3p| ^ ^go^ t 

(1) zea^hi ^^oj| ^Af°|o|uf a|a|go| g^^a# ^HM^o^Mi gj-fE. ^ahsi-21, a^^S> k € 

7|#0|l-K(2) 7|ff# 7hg(400TC)& ^BHoj|A-] b^o|x^a^# *f o i S^o|-7]| SlgA|7|^ 7|^(Extended Abstrats 

of the 1991 International Conference on Solid State Devices and Materials, Yokohama, 1991, p.p. 623-625) #o| *H£J-£|:n 5U 
cK 

BE, 0||* #S Jpn. J. Appl. Phys.31(1992) p4550-4554 o|| 7HA|£|oi ^B^i a^K 

Ol^j-E, 0i|* §S £ 30« u^E|-uh dfS^ ^o|, a}£E*l|^°t(l22)0| ^AHg #E|7|e(l21)# 7|©^E)|0|X|(124)0|| ^xl^H, 7| 

ff EH (125)011 °|5[| 7Hff^E||0|X|(124)* 40CTC fel-EH Oi) A-) i Q|| A | oj B|| 0| Z-| (1 23)S| E\\ o| ^ g(1 23a)S St 1 *!! W 

E*l|ttfat(i22)o|| 2Ah3^ ao|cf. 

0|£ r ^0|, Bl|0|Xi^oj ^ Aj-Aj o]| ^E|7|ff# 7[^t\^r a o ^0| ^§g£^, fe-E §§f g, ^ ££°[ IS^Xf 

* ^« ^ ?JOJ 37|^ ^aho| *tA}£jcK 

n f, (D-b El3a^r# ££§ Sin, ££ (2)^ y|m^ z}SbW| - oi o1> 0 | 7 |## o|«^a Stjis^ oj^ 

5E°| M^^o| ±10% 0|uH^ sj^|£lcK 

3 E-j L-K ^7| 7|#0||^ C[^JX[ «^|S0| oj^l, C^^J^o! S^!^ S^I^f tie ££3|2Xf i|^o| 7|#§lfcoj| 



^, 0)fi| §§ sso| gfi*hB£. ayg sissgoi tygsH*!^ seflecj. 

a, £H39 IS S«o)| HUp-t s# ft|A|«}£ #o|Shx| &'o £Si o^gj. s S g«o| islff £ ssp| oigcK 
»e, (2)S| 7|^0HAHfe, 7|e§ 7W*P| ^ttSS* 1£5 sfHfi, afflfi *B^go| *|*FecK 

^(@ffl)«se^s 2S£sfe 7fgsw atxie}, 7ies ?ra §y a zwt hsaii^oii^ °^a| a|?joi gai^is 30^ 

- 1<M2> §£), ^5 (throughput)0| X)*hSc|»& ^x-)|S£ 7^2 21 ch 

oi s*)ise 7|© gw 0 | 7i»ai gg# &«W7i ?ish 7« s! yzwi vae* aizk>i sow *is a °s flcK 

a. o| 7|#s 3*1 saf o|^£°| <H± S£ 2^*181 ^ 2lx|°h STllfi^ o|§ £ x «# ^°J^gjo D£ 2 

^£|7|ea| §§ o?|X| gp| ^)*HA-i^ 550'C §£. 0|-y°S 4f£|7|ff# 7KBft 4= &CH a CI- §§ = S = a m - 

3do| 3U-SI-CK 

5fo| &7| (i),(2)a| 7|*e ^a|?|^ #o| g>fecK 

*«| #7| (1),(2)S| 7|^(^EH°| C[M 7 |#0)| CHS||A-)£ 0^7^)©, C^S^S CMflSf£| 3*= xjSJsp. 04@Cti= 

<=h o|« 7|#o| xH-g-sfe £E£S2.| xqoi^ttS ^^^o| a|£gfi*(cra«*h goos}, afg- a|saq(oFasm^ 

«a*h7|o||fe Jfsj&S- 4^o| o|« 7|#o)| ait^fc H£°| gaaiai a ^B C ^« 

#a|o)| tfgsPI'oiBcK 

o=P|a), oj2|a| gaieif SS^tJ- ^ 2ife 7|#°| ^#£o)| q|3fcH ■« B£H=h 

#SH 7|^0|| EH|0|*)CHy£Ol| 21 Of AH fc, £ 40)| ^E|-tH H\S\ gjo| ^^-(Oj|X|«-)7h S-yOI WeK^fitNxHchol r»| H 

*I3£7HM|)«» ho| A«s|jiacK " 

o|2f s^o| g. ag po | y _ Si avo| 0 | Bh£ gBH<H|fe a §sl #^o| ^fe oil* #y ±m*is\ 

7)|0|S^§3S|S^ EE^CPU #£| H^eJ 1££ §^ #^SV7|e^o|| ^*)|^o^ gxjg f2 

oll-l S3 LCD £| S^g^ofl SiCHAi-^ 0.5 - 10cm 
x^cfof ^2= If f f ^tf J ' l|0i§PI 7||0| - S ' S ^ ^^ S ' S ^ffl^#*l£0||Aife 100 ~ 300cm2/V • sec 

^ H ^ £ S ^§^|2» D 4££fe §§£| °J§0| ?H*|£! 0 |#£ go, e|h^|^e^^o| fcowxie} &7\2.\ c[ 

^0|2X^ 2Af S^TI! SJ7H L-l- 5A[§!=f=f §7FA|7|a^ i «|* §§ojxh°| a7|7^ ^*|S(-X| ^7)| B\0\ §£°( -gflWSh 

?)| s\7\ [iHS0|cK cF# | a gjojoii cn S |.a| Au-||sf7j| git^. " " " * ' 

£ 5fe 7|fi-^0|| b|§S ^E|ao|q|o)| M 7 | A^t^o| 3 H# ^A^5!!# uH^I i§Sf MEfLHfe H^iolcf. 

£ 50)| SioUi, 1701 •& 2A^o| ufEfLHJl, 1702, 1704 §£7F y§ ufEKH^ Al-M-V-d 703)— 3^3 

0| £90)1 l_)EftH Ul-2h ^0|, 0l|L.iX| y£7h2fc!tt«U|DtB«0|Xl# A^^SellBOII ^Afgo| §7(1(1 701 )0)| A-| ^^lH^'o 

S #0)?J A^« (1 70 3 )0 ,| g SS( . §£7 ^ ^ofx|^, cj# ^§(§^1 ^e(1702) §=' 5SJ-V(1704))e>l|Alfe |§S[ §£;( U 0 ]x| 
cfe J&§*ho| ^§S) §££| ^snH^ol Saheic^ zi£|H, zi^s SD|(P«)BH^sao|| °|§H S|°l£lct 



^, E. 5H| A-A 4! on a^£°| ^Slaff £ 6 oj| L4EWI*ie}, £ 6 ofl °lo]M S^IScf 5^ l||*©£ §oi?J 53 

^3S| ^x(io||Ai o| asa} a# V&ct. ££, S^^oil h|37| 5*H*W S££ £ 0 | ^££| 1§S[ 

bISB ^a|se|n|o)| g- s# x.a[Hjl, ^a|§a| o|# (°* 1400-C o|#)s. a 7 > tta * f 5 A[§ gx^m 

2c[^' £ ?(A) ^ S 3S 2Af& ."^Solfc S. 7(B) o)| i_hE|-uH b^sf 7^2. S£fl-sn|Bo| gg 

Ef. o| Sa^fil ££7f- 4ia|2°| SfS£ o|#o|g jea| §£ ^o)| ei*i £££-2^3(1 901 )af 934- S£*j(i902)af*| in 

*ra 7Woi(S7)i ¥e)s) g£n ssoj »»ck n*sw, oi 7wo|on ag«i(i903)oi ^-a^cKs 7(c)). 

HISS ^aiS^o| f§§§ ya, f§S§ gfiWH flaisamol s -^oi c£flo|| agam BicHtf ©s 

olc^AH, eW s £7 > M|&|7ra(E. 7(D)), 4*7 1 as«?(i903)« 7HA|go S §M 0 ^ ggsf a £0 )| gix| goj* ^st = 

8WOI asapl- i!l!E|ol 7(E)), »oflM*l3£7* V gjg A ^ = h g^o||^ £ 7(B), 7(D) 7(F)£F I>0| g^o)| 

□taw, Si ©^o| a| S o||ah Hijn^ b« Hfl7fS<Mo« sgs| S£0 || 7(F)), o| Bfl0904)s| o)Jb **|o|| °> 

o)*i£ sa» «f#sas«ioi 5U7ii ach. 

na|°£, S. 7(G) o)| u|.e|.uh a[9\ go\, 1904 2| 3 a oil 2io|A-j §a|wo S □|dt«|- 3§a|o| g^snil n a^SAH d\±s\- cY^si 
a§ gJx|-3. o|^.cHx|fe poly-Si ejafo| gggch 

o|2| f§ poly-Si HfatS a§2J71|2| gj£7h acf. t£fB|^, as°|^|o|| ?HE|cH7h a*fs|t §£7|?)x|£s a^aBf 0| 

#£7^ SJ-o|-3cK ZialU, £ 7(C) s| 1900 S a|^S| EiSj# ^EfMlZL 2lcf. 

fjl^ 7|2F ^^^ 0| Ofl^MSS £ 80)l ^EhtH ^0| B|°JS^H| E^Ol^BJg 2A|S^ §^0||£ = 

0=)7|AH, £ 8a fe A|g3|-fe 5llA|0iEl|0|Z-]°| x ,y gf»o| 0|| UjX| = S. 8b 0|2h ^S. 0||LiA|^£^-i§ 7^|^ 9i|A|O|S)|0| 

b|SS sais g^o| b|£9 ^a|^M|e|o| £ 8c fe £ 8g ^ £ 8fc) £ ^ ao| sw ^ |0| 

5. 8a 0)1 L|Eft| «W ao| o||L-|x|^ss 7^1^ e)|o|x-|S a|SS|2 jio S oj € ^ k| 5A ^q^o| y ^ &a | 7 -|o| 
2°^ S W^ ^ 8b o|| L4EFtH Hh2h 5»0|, x gf»(H|-Mfe #° > ^^7^ £H °f*o| us fsf <^2.^a[o\2[ i>§ s.^ ^^j"^^ 

SAi, igife x gi-S=2| ^S-^OIIAH §°lo £ 3S°h0i, Ef^o| S!j ^Ajofl S|8|| #°j"^0||A-|^ ^Z[o| ^^g 0 | °M7)| E|i E. 8c 
Oil cFaS4|a|gHfBtS| 1§S| ^EH« 2iJJ|£I UfEhtil S0|. E1|0|X-) H S| BhoJU) 0)|LiX|S£7|- tfS « "o| S x^o l xL- 3 

^ISi, OHLiX|^£ 7 ^ «^.(gO^)o| ^§o, x ^ tHS]c|.. " '^^ " ° " " 

na|2, £ 8c oil SJOW, 131 s fojwgw 7|nh_ 134 - c«a4lH|S^0| 32, 141 l§°jx|f l|e|U|2 Sid £E 139 J= S 
2)^01 A|gE|2i, 140 ° o|SS ^a|aa|°|o|c|-. 

nalU, ^7|o| 0l|CH|AHfe 7J^3| SP| ^|«H 0ML-jX|gJS| ^A}» ^ ^E^OI, 5 A^fe §^ go)| AH£ 

□ J-Xj Oj Cf-. 

o=PH, ^bhsi sflo|7HcHys*|B| ^^oj| q^oi £ 9011 ll^h ^g^cK 

H 9011 SicHA-i. 151 ^ a||o|xi ^£!7|, 152^ SAfg, 153 -E 154 ^ ^, 155 fe u|gg ^a|^ftO| gAn S| 7 .n V 1 56 

S ^E.-Ho|x| t 157 « *|ois*l« SUCK " 



HH|H, a|SS 4jai5§£| £^|o|7:icHyA|o||^ ( o|xi sh*p|(15l)o]|AH eBo|x|S* "Bh^a(152)o|| £|SH 3»W&*|{153)3. 

°flM*l7F a*© S8S alioi^gj* 9(154)C **K>| *ia|£jL|l°| ^E||o|x|(i56)o|| 2139 7|»(155)o| 

4P|s|- BUoix-Kxy^xi* Af§^o^ o|y*|a|* §^ g-f-, £i|o|x-)gj# 7|© ggoii gf^£ S £A fs^ g 
*l£te £^|o|xio| ^ g<* g a-i^ £*faj©£ °iE|SAi 7|e 3°Ji $8! 52£^ 5A^[2 SicKo)!* l-^Tl. Asai! N. 

Kao, M. fuse and T. Hamano, x)fii x||o| cH#a^| (Jpn.J.Appl.Phys.) 32 (1993) 474). 

ZLS-m, 0|ffi|- 2>0| B||0|X|eJfl| £A}gq« S *| S M £*F*|©S. °Ja|S>M SEA^fe B||0|XlO|U o| ^OilAi^, E^|0|X-lOi|LiX|°"£# 

SSo| tiPim. assist ^S^o| yol-flcK 

BB, ^-B o||Lix|a jes BUoixisA^g, a^g* ^a|?|& §o|^x|^ oflL-|x|°]£7|- uo ££ ^tiIsih 

ol-t.ES ^7i| i&fe 3301 5a«S^K 

nei°^, ofl# #g tft ?h a^s Qsjgci^g^oio,! s^, £ ioog ufEfyi *w i>o| b|jn^ « s *jo| j^ 2 a| 

8^(158)011 ^S§Hx|^ °taa| ^^ahj! K JE|£Jjt( = ahoHHa|£)(i59)o| §&SHx|fe a*|fiaj o|§^# EME*|a« 

naljl, o\9.[ &e S^ISCHI flUB-Mfc, og« §3 th| 5756364 5>o\\ y\\M(mm^oi «fe ^o|, J^S-M 2^(158)^ 

¥S«^(l59)CH|Ai E^|0|XH^o| c^sTjl Sf- ^o| ^oj-HlJI oiX|a| ( 0 |S>|- &0\ E^0|X-jBJo| ^s^,) ^DJO^- 

^ffl«S^(159)0|| ofCHAi ««ftg?||&jl}0|££# Sfe #0| g^Cf. 

SB HS2J3S 7^1*1, SSiS£ sje ej£*jew# 3o| 5»£i- §A|oj|, ©^Wi HEE^^m xHSWfe 

- as a^oi, x|^# *EH^x| ov^ ae as«aa| y£*H«tat* ^ ^of «h£ 

a| ^a^o| d| S o| ^^ah ° §A |oi| - 01- BfSE*B^ats| 3E||3E&B3|- zi °J zisf yjE^I^'i Af 

nam, oj °|Ai|Aio||A-i ^sshahJi if- ciHoil-b, EfSS^ o| D | S a^s^ oia|p} ^ S go| 3 xhx( u ^ 

jEfljttfotai xHj^^tdH^ poly-Si qsto|| #S^cK 



5. 1-E OFHSjq^Alai^^afoj L_|-E^ 

£ 2a fe #EH2:| ^^H2HX|^Ei(TFT)S| 7H^# ^EhtH @S£ 

£ 2b £ 2a * P-P' cH| A-i s. c[a£, 



5°| A-A Aj «^oj| ?iOiA-|o| B^^^Aj. 



£ 7 ^ 7hS SS# Aj«e g^o|| 5icHAio| g S ^o| SS^S* -MS*PI ^g£. 

£ 8a - £ 8c SEH^oil °|o| e^|o|xi^ 3&A^|Aio| c^S^^I l.[e^ 
£ 9-^ ^bh°| a^jojxioiy ^x|H| qjBt^ 



£ 10-B ^!§q^:#B^o|o| E^|o|xicHy 



E. 11a, £E 11b flS£&»«M|olgsi# ««»a-Si ^oj| °jo)Aio| §§^§^ftg u^yi ggj£. 

5E 12a - £. 12c ^ *W«e|| 1-1 °| £JE|# ujEhyj ^gJE. 

S. 13-B e A IS E H 1-1 s| c|-S§ai E |shvd|o| §£E» L.fEhtH 

JE 14a fc 4I-M«E|| 1-2 S| TFT s| 

£ Hb^£ 14a oj| cH a-) 2.| a-A* 4j E+flfE. 

H 15 fe s A l S E H 1-3 fi| TFT fi| §3£. 

E. 16a te ^AjgEH 2-1 S-| TFT £| g^E. 

£ 16b fe £E 16a ofl 5ioiAio| a-A' *! EVS5E. 

£ 17a fe 4|A|BE|| 2-2 2-I TFT S| gg£. 

£ 17b £ 17a oil SiojAioj a-A' £! Ef D J£. 

£ 18-E 4U|^eH 2-1 S| TFT S| *iiZE^§# HEKjj ^§£. 

£ 19fc ^a|^eH 2-2 S| TFT S| *l|253# ufEl-fcH ^g£. 

5E 20a ^ £U|«e|| 3-1 o| jpj o| zp.go u \b[^ gg£. 

£ 20b fc i 20a S| A-A' *j ^S£. 

£ 21 S ^A|§Ef| 3-1 £| -E 20a £| B-B* E*3£. 

.£ 22-^ 3-1 S| TFT fi| *fl^g§# ^g E _ 

£ 23a ^ s A ll> E H 3-2 fi| TFT S| L^tH g^£. 

£E 23b fe 23a £| c-C *j E*S£. 

£ 24-^ ^a|SeH 3-2 £| .£ 23a £| D-D' -fcj S3£. 

£ 25-^ s A I S E H 3-2 s| TFT S) *I|SS3« ^E|-tH ^g£. 

H 26-E ^AjgEH 3-3 s| TFT S| LfEfuJ @S5E. 

£ 27-^ gA|gE|| 3-1 - 3 £| S§oi|o| §§g§gJi}*i|oig^« ?[x\^ TFT S| u^tS ggi, 

£ 28-B ^A|^EH 3-1 ~ 3 s| c}# ^goi|o| aS^^^E^|oig^# 7(-x|-^ TFT s| L-fElfcH ^^i. 

£ 29^ i^SE^HS 7hx|^. ggjg AfSS| go^| oicHAio| gg£}s| SS^fi 4IB*PI «S 
£ 30-E S&JEt^II* SS€ 0|-^^°4Ai 5A(SJ A}EH# £Aix^o S ufEM 



5E 32-b <ym*<o^ ^**f ^cj)^o^ ot^ «« 0 | gS^o^ dj^oF bH^HI ggjg A^#°l- go aji ojo) 

SE 33* £ 32(A) 0| L.fEfuR gsn||&!§ 7fX|* 0|#*tg*l f&A^ ^e||» H*|ajo S ^ 

E. 34^ £ 32oi| xi|^7| g&|o| ^^n^^-g l.^e|-lH £S. 

5E 35* 4ffl|aj©£ g^-^*:^ a^^o^ ^« 0 | g<3*jo^ bj^oF bH<g£! °tE||oj| flcM 

£ 36* £ 350j| ufEhtH SSEtsmiH* »Zhflo|| ^l*H °f#CH4l* ujEfcB 

£ 37* £ 35^1 >4*£h §o-oii 5iOiA-jo| ^S^7| flEJ- £S. 

JE 38* Sti¥(W«ffl)S|- a-id^(B»Jl»W)7h ^^ol l}^ity&o\\M ggjo| *||xf^gj# °-| oh S.&|£. 

£ 39* 3*fi| Zhameol ttfa^sl ^^i|^ffco M ggg m e[ | S u^tH 

i 40* g5Afo|| o|§n ejaj-oiiAi ^flg <go| fB);fe ^ E[]# £S> 

£ 41* S^AHoii SicHA^| «.o|7|oj.^ oj ^5!-£>j. S£(ama£)^a| S2||-§- i4ekji £oj. 

£ 42* ^A|EH^|0|ZH# A^S|-01 igtft ffl °l* ^ EH m l^lH £A|£. 

£ 43* Bi|0|*)Oiyo{| &OjA-|°| «.o {7 |o^^^ g^sj-o) ^7i|# 3£AKB3t)«P| ^g^xlf u^e^ 

£ 44a a 5. 44b * ^UlSEfl 5-1 s| #E|i|a|SSJ-s+£| ufE^ gSfE. 

£ 45* ^AigEjj 5-1, 5-2 a| #a|4|aiseWfi| Bt-eii!-^ ^§§2H l-|-E|-lH HB« = . 
£ 46* ^JAjgEH 5-2 fi| #£|^J£|S*M3L|o| X1|£E^a# ^gJE. 
£ 47* *£|S| ^JL\m ^EhtH aeflH. 

SE 48* s A I o ^1 5-3 a| □|(flK)2§^a|5«^o| ggg #a|7|Ss| i^y aw.£. 

S. 49* *M|gE|| 5-3 o| #E|^JE|3o|D|o| *j|2gJ-SS LfEhtH A^g £i 

£ 50-8 y A s A l § E H 5-3 - 5-9 £| TFT S| ufufuH ZiSUH. 

£51* e! A I H E H 5-3 a| #b|aie|3«|d|o| c ^ *||2&SJS« u^Ehtjj ^S£. 

£ 52* ^AlgEH 5-4 2.\ #E|£JE|*«=4°t°| THI^^g-g uhEhtH 

£ 53* td^lSEH 5-5 a| #a|4laiSttWs| x||s8J-a« ^S£. 

£ 54^ ^ A IS EH 5-6, 5-7 ^| #a|^a|^^°|S| x-il^^^g l[e[lJ ^oj £ 

5E 55^ s A I S e}| 5-7 °| 7hS*£^ ggojgizfoi zfTjlf UfE^uH 3E}j£. 

£ 56* ^A|g E || 5-7 o| 7^*£fi|- STilj&jif o|#££|o| i-Fe^ aaHH. 



£ 58-E ^MS^H 5-8 a| ^EK>|°!S u^tH A ^ D j£. 

.£ 59-^ s A I S E H 5-9 s| #B|^a|SH|Qjo| ^^FtH 

JE 60^ s! A l S E H 6-1 oil 2icHAio| Q"SD|>!#Ei|o|o| ^io|x-jgo| 5A [o 0 ^_^t t4E|-yj M^HL. 

5L6-\€: ^A|^E|| 6-1 Oj) oiO]A-]o| Eflo|Xigo| 5 Afygf L-^y 

i 62a 3! £ 62b fe- tJ^ll^ 6-2 oi| ftloW^I £*|o|x-|o|y &*|s| c«sfc£. 

H 63 -B ^ A ISEH 6-2, 6-3 oi| £ic>jA-i°| ^ 0 |x-igo| x A[ ojo^ f u^e^ ^g £i 

.E 64fe s A l o 6-3 0i| SiOiA-jo| B^|0|7:-)=EA|-5l^0i| CH £f 0|^£°| o|^^ # L|.E|-UH ZIEH = 

£ 65^ 4'A[^Efj 6-5 oil ^ojA-io; a|jo|xioiy o| c||Bf£. 
S 66€- ^A|gE|| 6-5 si □^3-^AHo| 9-^-^ u^El-y gg£. 
H 67^ ^a|§eh 6-6 SJ Bl|o|x|o|ygt£e ^l-feB 43 Sl£. 
5E 68-E ^a|§eh 6-6 9] e|# &i| 0|x)o1 y # L^tH ^g£. 



(aaa| 7HA|)^ Ak 7 |o| go yo^, ^.*S| X^« ^E«SFX| crsj- aS = S o| a hJE ^|a|D| # - oio 

£E» «|£*o^sts| at ^aho| gbA^i. d|xjo| 3 oj^ f SA |o|| ^ m - oj- £!i*l|sta[a| xi|£E^^ a &*| §y as* as y 

^, S US***, Bi|0|X|0fl o[o[ E|-aS^|- Ala|# # £CH0i| ^BHX|^E-|# «gS|-fe g^f ijx|SKH, 3 ^^oi| SSE7I- fe-B 

« S«9£S*| H£HX|^EH7f fe S^o| - o| gqo| g £7 ^ £oW£* ^l-Il, ^|HX|^E^AHgo^o| ^flofl b|m^ 

OJ A^XHO^ fo^ ) E?HX|^E^AHg^o| ^|^^ 2S*W*|AH °J g o | §C||£Ht oj- ^ oj cf j, ^Z}^7|0i| 

aeHAi, §^ 1 o| ggs ^le^oii xhi 1 ^S£§§ 7|-x[^ th| 1 S^^K *il 1 cj# x-fl 2^2£#« 7{-x|o^ « 

g^o] ojo^ou AjEHsjo^ ^ah£) xi| 2 S^^M SSaf, fe^l fll 1 S^^t 2 S^^^oil u|(se)eJ3« 

^«oh^ ^§HK ^7| H|EhaS W£«H^0|| Oi|LiX|S# £EA^0i 3§ AHXU|7|^ ^ h^l ^« f§o £ t[JL al^ 

I ?*i|^o^- i 0 ^|# #^ b|§g ^ d |3d|D|o| goin|o| ^ 3 £| § EBHXl^Ep)- gAHs:|- 3 S | o | o^o^oil^ c^s^j Bl-O^ 

^, ^^HX|^E-|7^ §AHH|- gg4o| U | §S ^E|^y|°[o| ^^£AH # 3 £>| g^o| b | §S ^ £ | 3. ^S.C\ &CL[. 

0\ ^A^ojl S>\f>l?i t C^S^# # ttH°| ^2HX|^E-if4AHo|o^o| Aj £ |^u|D| ^£7}. 3 S j o| god^Q^ uo o_^ t E£Hx|^Ei 

SE, S^U" 12S| tf8S y^l^t s^o, ^|oi|x|o| ^l^oh oj «o,| fe yi xfl°toi| q|^oi -g«^o^ oj&£|^ sfq o|^a| 
oi^|Ai, m ^go| 0 |5H» ^7| °-|*H, & ^Soi| o| c>in^^|oj| qi^oi yy^W ^S&cK 

vsl^m z\m ^s*pioii oi shck 



zi i ojbjwo^ ^ ai |§Aj^ eh£«i^oi cny^aioii o|«H a a zl * azta£s*i oi^oigch 



□LHdl. #BD7|#cH| aioiAit, cHy«B| *s| tt£*|ftte a g| ^B*o|| ap||Bio| »s| es!*p|| az^o) sisal, a ^ 

£E, o|g<H| £|*H agqol b|jnsj fl*|oB 7|a| #a|o« a^ye ^spf sis*!, 0 | as n^oiM a3*|£l x-fs Zl 

«7| AH^S <gi=0|| oflfi| glS S^K 6 ttfl^ffifi r y£^|°|S| ^^^011 5iCHAio| S&-^0!| 5iO)Aio| a 

S^M^ hb^ Ap| o|| tf-^Apljl, zi * ^S^oil BMSft ^°^oj|A-i aS^o| ^ aSgSWI olSoil. g° 0 ^f 

0^01 SSSSf gfecl- j afe * a^# tss ao|cK 

^, S^S" 1201| Oiy^£| 6h£*||&KH| 2iOW t ^-flO||X|S| -f-7|-^0|| <*S ^r®SOi| ojo^Ai a-^o| 

(oils tS, m^l-^^h A^^^oj g - i 3^)0^ 4|>4 § ^ ^o|| cH^I-oi, go h ^oi| ^SS uh oij ^ojA-j o|-*| yzf£|(H 

5>! x i ^|Oi|X|^ £tfo|| £H|^7f SHH^, 5§§[0i o|| ^| ^ h S8M&0II U\f>W #-g-*| ^e.7i| ^Z|£lcK 

zi a*h ^flo||x|o|| 5icHA^| S&^o|| 2iojAio| aS^Scil- Hty# Ap|oj| ij-^mzi, S^o|| ?}o\M aS^o| 4^ 

asssopi oisoii, 01 ^o|oiix|oii sg^oi g° 0 ^§ aaastfHa, igasom asa-fl^i- *iiopi**pii g 
oi^Mi, asss^i ^ S0 |, jy fe as7;|a|o| ^ 0 | &x\s\o\ »*eaaeia* as ^ sm. 

^ t s^s- 13011 si*ra, #7|^chi *ma| aa«ieioi bms*^, 01 as^oi asa&*w sc*. 

14, 1 soil £i*i-s, as^i °j^oi s^ch *7|^D^ *msi as^oi «tii*pii tttftw. 

SE, Sn 1 !} 16oi| o|*^, #7|^-ai| ^S-& gg£ ££oj- §o^ f ^^1°!, o| g^- «EJS*fe #7|-^^-?-E-j §oj 

tmfe- a9«9-a c«»*fe 7F^x^|o| #7i^oi|Ai »*^ ss^&oii qi*^, A-i^ zmsi^xi as aa«9 

3dO| 7|CHSCf. 

^, S^P-S 18o|| £|*fS f #7|^ 7]|o|HS^cH! ^HgHfe g^o|| ga^lH^ ^# ^ SicK 

S^S 19^ tilSS ehE*ll^# S^*fe gS^K ^7 1 y£*i|°j-o| ^°|ol|x|o| s|^& ^^cH|, q)^ ^S^S> k H^ ^S" 

°M ol^oj s.7|^-# AjBH^o^ o^ah^^ ggnf, a^7| -§-71-^ ^Aj£| gj£*ll ^t* °) u e| * KM SS^Apl^ ^§ 

# ^-S^^. ofe «]-i*||^s| ^i|S^go|cf. S^-tf 19011 s|sH xhi^i! yi*l|°joil 5icHAi^, S^th 12£^^s} s 

^# 7H£lch 

g^S- 22CHI £|*h°j, e>£E*l|sts| ^S^oi| °iojA-io| ^§oi|s #^ofl 5io]M°\ gg^^Lf ^# a|7|o|| tf4SAp|jl, Zl ^ 
a^i ^S^oij 4PI §§5flt, ^7| s^o|| ^icHAi a§^)o| ^ s - as«S*^| oisoj, eb^oj asti^i 

^a^§o|u^ asa-«7t aich 7^§hs^. 
oisoii o|§h, aaas-^i ^goii ^s^i ai^i l^oi ^x|h)ch s-g-t!- as^§# ^« ^ ?Jck 

££, ^7 1 oifx-i|# SHS*PI ^l*H. S^S26oi| 7|xi)oh ^gs ^yojw^ xHyg^°| °^oi| bHx|£| ±±<g<* ^ ^^i°JS^M 
7h^|^ I§i H^x-Hgol 7|£!-yol| S^£|CH o|^cHx|^ ass a|^e^Hx|^E-]cH| ?1o]a-\ , My\ dj-^^j *^ b|^aSSa| 

°i# oi^chxj^ ^o|n=j i a 1-7 1 a§i ^£*iisai si^o|xHy°^oii^ as^&^i ?HicH*fe aa^s&s,^io)g= 

(2» )o| Sg£|o| ^€ ^S^^ o>cK 

^7| ?aho]| o|-j.^ ) xHaS^oil gAHg asaS-S-SMlcHS^ol, ulEiaaS S§tW oi^a^ *nyg^o| s§^^y^§ 

a^w, oisf as^&^^Hioi^^s 7hxin oj^oix|^ §§i £hE*iige ass^om assj^i(a^)^i7f si»*wi s 
017M, av 7 | asa^^-^iiois^oiB^ ^-e, ass y^isw^^ioiiA-i^ biaaas ssoii ss^! ^(ia)oi^, 

0| g-B y5E*U#o| 3fS(7|^Dj cr- ojCiMHgJoil^T:! EgSfi ^0|E^ SLiZZ, ££ ^#oj|;^x| £E^*Fx| ^ ^0|Bfi 

oi!# »s ass^oi gg, Af^odo) ?s cr- 7^n a s ^# oiiai^ ^ O.H, E£±t goj ei^s^^a^ c xjsom V 



27oi| 7|xh?|- u jg§ SHtiS^aK xHBS^sl %^o\\ bHxis 9 H^|oigsj# ggg *}5E*i|§o| 7|B 

?l SSI 1 £hE*ll#£| xRugqoii^, ££ji°J° 0 ^§ a&o 5 ggMo| g^ 0 | 2<S o|-y ggj£|0] Jifc 

0| Oi| S|*ffl ( 0|^ gAHg gg^o| ^^ 0 | HlEiSSS SS^Ofl 5j!CH-M, ±>:gwj,| HBj|°lg 

o|£f ^-E poly-Si st-B »&o|| £10^°! §go|*l8iJE7F ^£££, o| g^o|| SJoiAio| n 

o|#^SE7|- HBFscK 

20a, £ 20b # AkAij^l Bfi-^K 

-£ 20a oi| ufEi-tH HffiHtol, aSS £J-5E*1|§2| g?x||°l uiEtaSSI uj-dj- £go||'£g moi ag £Sg-»»*l|cH3^(-?.s: 41 1 )* ± 

m°i&, tt^stasi est aa«9»«4oi9^3f n si &s.m*w ^i oiixi^oii ^i, *nys^ **B^(as«s»»*ii 

2H^3^, £^-&(aagS-gfSM|oi5S*)s. ^ch| bj^oi «|°to| ^7A\y[ gfTil £|CH 5i>m ££^r ^°|o| ^x}|^x| gfo °£ oil 

5E. ^I^Oi|^ H|°|0| §xfl^X| afoo^ oj|MX|Hjo| §A|0j| f ^| 0||X|^0||A^ g0| S>|^o^ ^Aj. 

S| *W ^oj-^-^Oil ^£E7f yofX|7| 2H^0|dK 

zieiji, bi^asa oiixi^si si7^ #hh^i#oii sioiA-ii fas 2Joih^, oi7|A^ aa-sW^sflioig= 

*l SS^S-a-^sl #7i|oi| DHS|-oi £ ii a> £ 11b « &^3|-°jAi ^@*i-cK £ n a , S. 11b i§4 H ^l 7f)^^o^ ^ 

na|3 t o| Sx-i| s| s^^^oil zl[b[M ^i?|- ^-E ^, S^^l 2§^S-^l>^|cH9^o||AH ^cH^|-^ g-g: 

(Soil Q\^oi ^^)oj &*fc)# ot^oi 

oi?\M, ^-feloiiA^ §S^S-^^i|c^g^o| ^g^nf Hail^JS^g S-&o^ 2 ^ o|^ g^£|cH 

^fe 27H^I SS^S^xiicHg^ 7^|-o|oi|A-i z|z| astHf, yen ^moijA-j z|z| x}|y@^ -e-*i|J=io| #Of# m^oi 

cK 

ziEi asa^77iai7i- ^ys^ &*ii^o| 7wo|oiw sixm, as^s^»^ioig^o S « EH dh ^ cF 

# ^*ficj -E5L7F feJl #X^7^ X^§7{| ^*jSJ ^ o.^ ^EHoil SicK 

tt^W, ^i^fe gj-gf, ^ ^^g^nh hb||°!S«§ °ja^te ^^(S^l- SSei &%*)°^ SS^&oi n a ^s). 

S7i|s^ 0|#£ jpj ^AH 0 | ^oj- 2§S ^I^^BHXl^E-j-l- - olcf. 

S^l> k 28oi| 7|XH^ ^og-s S^FS- 260i| 7|a]|o} ^<goi| Sio^, ^7| SS^^^^I ojg^o| £ai|o|gg^o 
a J8£S t°J^£^ 8«s|o| 5§ 

--^ 2^ o|At aii^HV g^oii^, 2§oj X [o| 37m cm M\^t>\n ^oj* ^ o| o|^« cfgoil ^gohcK 

fe^l S^f 1 ^ 270l|AH ^°|of ^0|, Scf HPSTB i§tf S£on^X| ( R1 )«^ a§-S^^Xi|CHg^o| 7W0|0||Ai 



asa^fs oi^oixi^ cusis oi^xife saioii, asaxwai^ «#«^ §*i ^eo)iAH^ as^27i- aas^. 

zlbihs, Ssfe TFT m&o\ <go]x\x\ affect, n SoiM S?i|s2fo|#£ #s| TFT ^rS# feo|7| fl*Mfe l§a& H J*o l § *)|cH 
stfe #a|oh, 3§at°| ^J° = '££ SS^MI flo)» S£7|- 9Xc\. 

1H**\?\ chick 

=^ ==j;ja|o| yaj = 3£S^°S«| as«|fi| #aj^ £ ^ xi|«^^ ^ 2i7i| £ch 
AjtHI °|sH £fe«PI QH-SolcK 

S^lf 29S| S^Se *HS9^BK 4PI *HaS^£| Sf^o)| hH*|S =E||o|g^s 7fx|fe «JS*(30| 7|©^o)| g£si|cH 

o|*o|x|fe ag§ nW±EHx|£:B|o| aicHAi, ft£x||$o| bieaSS «W# aS*W<H o|*o]x|fe aoim, a|^© *H 

yg^oilfe. *HM^^ e«?o| u|Jii*|-04 as^7HA|§H7hteS 27|(*W)aS* S«lo| «£5|o| Slfea§^S°£W. 

^7 1 ^p-^chi 2j*ha, 27ia§^ s^oi ss! isa^t s)|ch*i-£^ 71^-s- a*h asu^iss?!- 5ts sraiai as 

^7ia§sf *hms«i e«i-¥oii b|H»KH assf 7\\a\&±7\ ^ =s, gjysfsoiiAH a*i si£.s. x7iasw s^oii 
ai as*ioi a-^^ch itsw, a ^fe oi as®i§ shoi as SS-o| S!*H3ch 

Btaw, 2E7ias*t ga<* a'^»o£*i.'eaoii ck»i as«*ioi s-^istfe ^ aim, a a^fsAi m asew 

71- ssg ^ass "je^iiss h- ^ aief. 

0i7|Ai, £E7|a§£hS^-S g^Oll 17H 0|# H||*|S^ 5\X\<&, HB^°JS^# SlSfe ^t££°| ?H£|0|2| 

oi#e xisHsw fixioii *^si 2E7iaa»i- s^t s^sfe fit*. 

3212, 4PI ^Soll 2icHAH£| r Sssh 7Hx|SH7^ fec^ 5^ xH^S^ tfll^oll b|«fot, S.c[ oicHAi a§sm 

?HA|E|fe 3d§ a|D|«|-cK 

S?S-30S| age S^S 290)1 7|XH*> a§S ei-etBlHxl^Ejoil SicHAH, ^7| S7|aS£|-9^o| ^^S^Jif Hsl|°!S^# ^a 
gustos Z! 8#2| 7jg§ qgo S *HzK 

=E7|aS^ ^^l-B ?H £|oio|#A|7|^ g^ 0 | ofMHS, o| 'S^^ rir^sq^ =b)|°j§^s ^asfe ^&o)| ch^o| ^o| m& '?io\ 

SH^si-a, ^7|ass^ S^o| =E)|°i^^# S3S^ sj:nig>-?t°£ z! S^oig, S7|assh S^0| ?H£|CH 

^sHsfe s^Joi E|7|ttHSo|cK 

S^Sh 31 s| S?« 29CHI 7|XH» S§S HWSHx|i:B|o|| SJoiAi, #y\ =E7|aS^ S^o|.xfl^S^ S-^I-^S ^S^fe S 

yiJE«ISo)| assi 7Ha|S^« ^olfe ^^o|S, «|JaS 3E7|aS£h S«» ^ 5Uch. 

I;l:^^^A^, r;iAHo| §§s a|ofH|HA|^E-|^, 0|#S TFT ^S0| ^5f2 ££°J- x)7hS S^K 

S^lf 32£| aS-S S^th 26011 7|x(l«} i§g afafe |Hx|^Eio)| ?lo\M, S^l aSH y-JE«l#o| -ya|3 2 ^ t)|sd^ 

•fe'^l^ 5Efe ^H-l^^ = £fl^#S 5f|op| ££oh aSS^PI ti^. ct^W, S-^l ^So|E^ aSS 

^#o|| 7|AHs^ 33 ~ 392| ^-7 1 S^W 26 - 32 s| i§g a|°|e 7Hl2E&^o|| So|cK na|H,- 

St 1 !. 1 33 ~ 39£| &S2| m&f S?-^ 26 -32. a| *d<3o\\M 7\n*l ^ #^3^K o^-SH, ^go||A^ sf§s^s| m 

All*} -a&t*icK 



St 1 * 332| SfSS *HaS«^^. £PI AHyg«2| o t *o|| ug X |g ^^o|w o, £E;1 o|gM f sss T*n|**te 3 

S9 »*WSHx|^B|a| x|x&£o| slow, S<S£ 7|Eh *|o|| ulEtSSS mms 5Sm. S?l *lttasa mmoil 

aSSS^t>N|oig=# §sm, SSSS^lWS^ol ggsj u|yas§ tf£*l*Wo|| o)|Mt:|^-s. o| *w 

m gSS ^a|sfe S§g mms?Hx|^°| n| £ m So| | ^o|cK 

S7| 33 o| ttao| | ojcHAi, Ai 7 | a«4S»SJ»*l|o]s^« ±^S^2f He)|oj S ^ # gasfe SS^££ 4 

2131, S£f S7| aSSS^tWjO^SiS ^S^m HEfl°J§q# g}S£S f^^£S ^ ?i&m ^ 21 m 

nam, o|# ^£o)| Ap| 2 6 ~ 28m I§i mmBLHxi^mi- =r Sim. 

S^lf 3621 yg§ xHyg«2K xHyg«°| ot^cHI bH*IS ±±<3*l =elle!S^€ 7W±=. l§i eh£*fl#o| S^£)o| o| 
^oix|fe S§i ttWSfHjq^E|s| xi|3E^ao)| ?io\M, %±.& S934 H 7|£h*|o)| H|EiaS2 a^S SSm, 4P| «lEia 

Si Bf£*l|Htata| ^^o)| o| ^«s| ?H^I^£« £o|£r o|$^°'*M =E7|SSm 8*1* SS 

•Ft 27iasm s^asssm, s?i 2^1 as* s^sss o«L.ixiBe sAfsw oi «t°t°i asm* 

S7| S^-tJ- 36^1 ^^oll flow, 2 7|asm S^S^§§££, S7| ^gflJJI} S?l H3|°Jg<*j# ^SSfe a S 

S^SI 27|aS*f SSt> ^ Sill, 5£& S7| S7|S§Sf &7| A±g8(3f &7\ =S1|°JS^# Slofe M 

n|i*l»^ aim. 

nali, o|# ^£o|| o|§n 29 ~ 3ia| l§i bTOSHxi^bi* xqsw ^ 2im. 

£E°h XilS^Otl SS- &7| Z| tfeoO Si^Ai^, Ap| 0)|L1X|^ o S Ai <*|A|D^| 0 |X-|Hj# A^^ ^ °| C+. 

«|A|DlE||0|Xi-b #0||LiX|7f § #A|o|| UV #0|°£ Sa|£0|| g|^S^. C£^A-] , «| A | B|| 0| X)gj # A^S^ Sf^££H|£}a 

§S WE«l*s| asms » 4= ul^aSS BhE«l«o| *Ja|5 §s| x(-2|Aj = ss zEAjsioi sife Sioj 

ttfaw, 2LA^Q=| 0 |s|s| ^o)| cH^oi «zn □ 1*1*1 y£*HS°| I§iH S 4= #a|o)|, 7|& a E o| av #0 | 

^££S x)7hs| #a|7|e# Atstf ^ aicK 

SE*t, a|A|cHB||o|z|a|- UV t^et^£s^s| s ^o|S a§SS^S>^|o|g^ S^tfH*! &«|^2h°| SJE*h7j ?ix|HS, IS 

Aj^^^|oi5=o| 7|^(aSSS^t. k # «|oisfe 7|^}o| »«*| ^?|ScK 

a, s arsx^s ggsfsi DimM#oii w& ass ss^i^it &ao« msw ogsi 

3 a^, ©BJ^MISI l^£§Sf S|£^o S aS^» «!«*j7fl 3 a^hSAH °t S o| g Sa e|o| 

o| Sojx|^ 2# tta«racK 

o|Sf ^-E &iao|| ixfaw s tte = 2i-^ S |.«cK 

^, S?»40S| iSS 7|#^ch| tdl^aSSS o|^.oiA|fe. e|a|o)| fgj§ 2AHfo SMj| At 7 | ti|^ § ^ ° aSShSfe aH 

s. afe ^-s£i sssJoi S7is^ »<HiLixia£s) ^-amieoi 5gg %<z±m ¥j£§ 

0| 9-SO|atSj, =^0| £EAfE] b|£[aSS S^Oll S£ T L y|| g^SJOl ^7|HS, e*|0)|Ai -EA|Sjo £ D | 

^§S!|0| ^«hcfe #7| £ 7(F), 7(G) 0||Ai A^D|* f S A t# &X(W - oj cK 

sms°s asiJx^7^ ^cnxm, be asm ss^i s^soi ^o^ick n am, assj^iei S£7^ siohxi^, 
Sti» 4isi use s^tf 4oo)i 7|AH°f ass ^m^i xii^^sjoii sioiAi, m 7! gutmoii ?jcHAio| if^£7j e^oiiAi 

m#^o S =7^7^^ BEfe *>^0J|A-| Cf#^o s <y^g7)| ^Bfe &Sn(|ldS 7fA|-^ §a§ A^sfe 5f s§£ £ 

oi ; p■so|a^^, 2k»ima|^££| cHg^oi, nisAfgoj b|q| SSo| | S£ ^uH7h ss^u, asmm s£7^ 

maw, ^§a-i*} as^si ^soim ^hah^ ^ s m^ 0 \ ^xieihs, s. 7(f), 7(g) oq*i as* m^m?ii ^ 
am. 

o{7|Ai, ass mm# o«e #s ^s^-«nas^-HBiis!s^ss oi^chxi^ eh£*o*i£<n ai§5^ §^chi sioix-j^, am 



o|sf s>o| ISS^I gJ»o| 7Ha|o)s| oiS^Sf^ ^l> fc H^ fl*]|£|oi, o| »go|| ?lo\M°\ S§a^| D J£^ sMSch 
o| oj-go| xH-g-oil o|en, # 300cm 2 /Vs uRxj zi o|#o| o|^-£# ^*dtf ^ Sick 

SS£7|- ^°J- « «^ ot^ « « o M oi^ojxl^ nHSS 7Mfc gHjo| SAf£|°j, 2A^0j| S£7|- fe-E ^£2f ^-B 

o|£|- I^ilS^I -85E ^^nHEHoil SicHAi^, s i7 |. w§ ^-g-(g-y ix|s.^o^ ^ oig)oi|A-| s £7 |. fe s "^ygo^ 

=lb.\jl ^£7|- £-8 ^-g-(ct|)s| ?t7)[o\o\\M sgojW §1^2, oi7|cH| g^-tf (AMajsf s>g g^£!)o| gAH^j 

S-Moll, o| oj^Aj^ sue! ^Sf^^. fifZ} ZJ SS^J^I-71- Schick 

ojbw. o| ^£<o« swws, £ 7(F), 7(G) olM aha|. ^s. yxitt^ sin, a» 4P| S?» 415.1 ^so|| oio|A-)a|- 

Schick 

o| £ F o^, ^§ojxfo| §§Aj 0 | ^-^-He^i^tm mVtiW ?H 5.|cH^F o|#je» 3711 S£!o| ggsx|-a| § 

ftiOSa 37i|Aj)s gcf^fe °jo| HcHScK 

W*!, o|#£# *HyS^# ^ SMI gch 

St 1 * 43^1 t ^S-B 420|| 7|xHth §§g bj.qjo| *i|^*i-£jofl SicHAH,, aj 7 | ^^jo^ A + 2 7H°| a^ ^ahoj ^§ 

S£hSS 0|**|-fc 0| ^^0|nj Ai| tl S^£gSf ^ 9111, a 2j*£AS; ^A^0i| gA-||£[ l^lg^l § AH 

» ^ SUCK 

- ^B^i t o| ^AHoii o|^qj ujjn^l ^o| ^-8 S^^l 2§tft SIS-oFTii SS^i^ ^ 51 cf. 

o A |0il ^7 1 go| 17H°| g£| ^|^# S^A|^j gXH^ jr^^j o| n|| EH s. Aj-gufe ^ 

o^l^l g<L^ £H£iS o|#B^ o| ^^oi|A^ f g«jo| o\\L-\xpj^^y[ n(-^^o^ a ^2 ( o|oj| qjg^oi 2=a^o| ^£ 7 ^ gi- 

CL^H, 0| 9-^0|E^ Oie^SS &[5|#0i| A-( A-J o I * «^ ^ oi^ 3 ^H^A-j Zl^£E0|Di £E 

^ o|i-£7F ^^oj- «|°|# l^AH^ - Ol cK 

aB|2L, ^7 1 S^SMO - 4401| 7|XH*h l§g tt|BtS| fl|Sfg^tt|cH| SiOjAi, a^ 7 | gnj ° 7 |p^o| ti|^ SSS ^Didi cH 3 W AVq|XH 
S£ 0|#A|?|°jAi 5Af5H£ SICK 

SA^(b|ygSS ^S)oi| SS. ^uH SE^ g£ g^^o| ^y\±^, ifol|Mx|a£o| "^nHEjoi 3E§si ^a|Soi| 

CH*f0i ^^0^ 0|#A|^|SAH o| ^o|sha, ^AflS^I 2§ah^ S o -s.^ - olDK 

CC ^W, SS^ sesI 5fl^o| ^Zl, ag&»o|| 5iaiAio| 2§ol7j|°'£7^ °^o| ^^o, ^^^jcK 

S^S" 45S| 7|^^a|j o^sj b|£jg§§^. e|°|0|| S«J# 5A[^2, ZL|H ^ ^^Oj, b|y^§^S 

m ^«2§^o^ S§i y^*l|«f°|o| ^xfH^oll SiOjAi, -£-*|7|o^# 0|A^o^ o X |go^ S Hj 0 | 5A[§ 

afS|ojoi| f^oy^f ££«if ^^A|7|^ ^# fSHS 



u*Ew, oi ^io«Ai as«ioi ^sc, oi as«ioi s§ *g*iH£,'4pi z 7(f), 7(g) or/h «w ^ 

S?» 462| ^S§, 450|| 7|q^aS3l gg»HJo|| flOW, A} 7 | o]g*| o|gs| *fl7| °f^O| *fl7| 7^?^^ 

7te *H, 10" 5 torr ol^oj £go^ ofcf, 

10" 5 torr ol^oj ^^o^o^ B|o|x|o|y*|a|# u|a(lt»)o| fcfi -§ol| ctfEW § ff 45 o,| 7 | XH& 

*tg JLSpf ^oMI SCHICK 

£E, £P| jl|-*fl« SHgsf7| *|oH, 47^1 a E ^£, y °f o| X^Hfgo^A^ 7|^o|| ^AH£| g^y «h_£*i| °|0j| , a} 7 | 

St 1 *!!^* 3Ss(-a|^ - cH|Lix|# g^jHi b|j£*||e|oi| ^oi^fe *i| 1 o||u|x|^j jsf a Ap| xi| 1 o||Lix|asch m 7[ xJ^l^ 
eh£*H«ts| §^#o| ^JI, uh£x-||°i# aasWfi ^ Si -If- o||Mx|M4 oi|Lix|# St 1 *! "hE*]i^o|| ¥ 

o|^, £p| Ai| 2 oilMxigj^- St 1 *!! af£*l|sts| ^ 7|©o«^| £tt*p| g2, St 1 *! £hE*il*io| a ¥^IS-»o|| g*|Ai 7^ 

#A|(H| f 7|©£ ?mS\Oi Xj| 1 Oi|Lr|X|«l°| 3c A|-A|£>|. ^ §S *S|-S| $5E*Ph S^^K 
ZlSHA-l, X-il 1 CH|L1X|HJ0| 5410^^ ngSLlJl, St 1 *!! yS*i|^ZL^Ap^SS *0|| A-jA-j^ ^ Z|£|a_4AH aS«£^h 

2§ g*o| ^S^ol bimw s sgoixp). sah£|- §A|oi| agg^oi ^h|ch eh£*l|fita| *\7\™ mgo\ g^cK 
St 1 * 48^1 ^-S-E 47a| y £ *j|D|o| xii^^go^A^ xj^^j b | Sg 5 g ^go m ^ji °J 



Ol^AM, aS-gS0| gffi^jl, S*lfi^0|S£. #o| 271*1 j=m 0 \ ot^^ C^g^ £|S *j-nfS. gO|*W| S^g^ o)^ 

St 1 * 49^1 S^* 47 °i Bh£*l|Bts| ^| 5 ^o IAii A^7| x|| 1 o||ulxJBJe 4PI St 1 *!! gJ-£*|Btsi 64**14*71 Ap| St 1 

*l ^£*l|ats| etfr*|5| 7H o| e-i^astt) o|^oj ^Aiojl, #7| xfl 2 oUMxiy^ 4P| §-^l^?F ^7| S^| «^ 

£x||°|o| D| = ^j|o| 7-joj o^- 0 |~|.o| ^ s ^go § SicK 

o|^^, S-B Ail 1 o||L-j7:|Hjo| S^p-xil y£*||ats| £ D J ^f7?|-o|cH|A-j g^Hj-^ t^, K-E «| 2 o||b|x|yj-E ^£*||°|o| ^ §J 

7|©oii^w i^°^ t a?*! wsawoi 7 ^si-b ^A|oii t 7ies 7has|oi xm 0114x1 a si ^ap^ ^ a" 

>H«I «cS^|s|cH g§ AHxho| s as^jxph «Hy*M| i^^U, §S#So| afifi tf££«|ato| ««Bcf. 

50^1 ^g-B S^-D- 47^1 b|.£*||D|o| Xil^B^^A^ AJ-7| 1 0||LiX|gl-B A}7| &S.n^S\ §^7j|^7h^7| 3^ 

*ll B!-£*l|s+a| ^4^1 10 o|^oj ^a|ch| , ^7| x\\ 2 oj|Lix|^^ St 1 *!! B}H«l|ets| §^-^|^7h Ap| S^l 

§^ 51 °l S^tMzsi AH|^^ao^ Ai| ^7| xi | 1 oiiMxigj, Ai|2o||Lix|a^ a-)^ h^^o| ^oj 5# - 

A^7|^ ^-B AH^ H[^0| Ch# gs ( oi|# a^7| XH| 1 0||LiX|as. n4H^o| 0j|LiX|go| §A|0||, Ap| j$ 2 Oi|Lr)X|«J^ ij^of 7^ 

A|S o| n^AH « # g# ^ OJCK 

Mcf ^x^o^- f xi| 1 Oi|LiX|^lJZf Xi| 2 OilLiXl^l^, Oil-1 #^ E^|0|Xi^^ ^S|Ajag H S^ Bj|0|Xi^ol|- ^<gg £E-^ £^0|X^51f chi 
AlDi^^g A^^ - oicK ~ ^ " ' ! " 

^l^^€r AiM 5^&0| ^# 9°^, 0}|# #S ^7| X|| 2 0||L1X|SE HA1|^#EH A| & n % § ^|^^ 7 ^|g g^o||Ai X^| 
Aj g«o| ox^AH^g St A^Bfe ^£ 7fe3^K S£ £>, £p| X|| 1 0|| Uf X| gj ^ XH| 2 0i|LiX|Hj^ B^|0|Xi^0|S^ g Cj. 

^. ^ 0 l x 1^» h S A^3^, 0i|LiX|°«i7F ^ 0i|LiX|«J# §0|3|-7i| 5A(g ^^o £ ^ grp^ dj o, 7!^ - t ^oe 

^^|2iO^- ( ofl# ^7| xj^| yjtfljQtol U|gS ^Bl^^^oj ^ Ap| xl| 1 0j|L1X|«j^^Ai Ol^ffOE <*|A|CHEM| 

Ol^i, 1^1^ ^AlEH^olXi, 9?A|D|S||0|X| HAl|^#^os oq A | B| 0|Xi § o| oj- ^M^l a||0|X|S a^I 

Ai| 2 0||LiX|«lo^Ai 0^^El|0|Xio| £^|0|Xi^# A^# ^ ofdf. 

SE, £p| 7|ffO| Sa|7|©0|tt| I a^7| S^ifl| y£*Oe|0| b|gxi Aj^sa^oj g^Ojl, A} 7 | xi| 1 0!|LlX|Hlo^Ai o[b2| ? Oe oil 



*1l 2 Oj|l_iX|y o^Ai gh^^Bl|0|^|S| B||0|X4S# A}8«t ^ OICK 

AV 7 | Z| Q||A|D|B||0|Xi B B^l «IS ^A|oi| Ai a |3^ofo| sS 7^0(011*1 #^£|7| £|§ SS, £J-7| O^£fl0|Xi 

£| ai|o|x|»e o\± S£ 4JalS^at* W-mW 4iaifittWa| ^*il^S> k oil 3*1*1 §^£|7| tin, ffi thiPk^flolxH 

£| aiioixias b»|§§ ft|a|50[Bt< u|iasj <yj>^| ^a|7|©oi| 41^°^, Aia|$tt,^< if^i 7 1- 

§S ^ Sin, agggol Alaiffetat* 3d* *o|*MI tt ^ #a|o|| «|±hg« t> fc ^A|^|^ ^ £ § 0 |m 

S^S61S| ttB«ST l »47S| ^£E*l|ata| ^Isg^asSA^ ' q 1 cH|Lix|*j 31 x||2 oi|L-jx|gj^ #7| g^l W£*l|sto|| °[o| 
a^| ffl = s^a| g^oii 2Afsfe 3d# ^S£^ oKn °Kh 

o|s>h a-o| = £e=jcH| sAffto^, g£ 7\W^r 3d« «o|*K>ll «■ 4 s 2in, sue 2§§IJh| 

*o|*W| Stitt ^ *a|oB, aa«33o|| i'SSl a|^# ej*i|sfe 33 £ 80|«fr7fl & ^ 

62S| S^*J. 47 o| ahi^j°|o| XilSS-SHSAi, #7 1 Ji| 2 0||LiX|«JCH| SiCHAio| AV 7 | b|\£*l|etSSS| x A [g 

^■B, £PI *il 1 0||L1X|H0|| 5iOlAio| Api B^*||Q|o S o) ^Afg^MCf #7| 3EQ 1 0||LiX|Hio| ^fgqg . 

ols^l, ^a| gas 7W«fe #S »o|*MI » 4 s sttfi SSfi^l B£*l|et« *o|«W| ^ 81^. 

8?» 63^1 WBe 472.1 q^gfa^, 4*7 1 *ll 1 o||Lix|yj §> 7HI 2 0IIL1XIH6, #7| St 1 *!! «hE*i|stol| 7i 

0|S|- 5>0|, ZJ- Oi|LiX|gJO| S^P-x-ll yf5E*||e|Oj| 7)°| axffio^, Zf 0||L-|X|g|o| fSA^M^^Ol Q^ A | a 

«T i »64fii ts§ 47 °i Hj-H*iistai x-ii^^a^^Ai, ^1 2 011 m as, m±&&7\ n 1 oiimxih* ^a^pioii ^ 

AV7| x|| 1 cH|i_ix|«jcH| oi-Ai ^ 7 1 x-il 2 oj|L-j;q^o| 24. oi|L|7:|«js| ^e|-o|°|S ^|cH*j-H^ « ^ Si-^ 3d £|oH, oi|# 

2 ^xH| «| hi *H°to I 7 | C j-« o|#A|^|fe SA|o||, ^7 1 x|| 2 0||L-|x|gje ^7| S^-fl «J-£*|| B|0|| 5>lOlAHo| A^j q 1 o|jLi 

o|sf ^ SAf# B£ S *| | x]| 2 o||Lix|gjo|| °|3H Bf£«|tttom 7|eo| 7^3 ^e||o||a-i x-il 1 o||Lix|«jc>|| o|^n assh 7 |. « 

^Hx|Hm asJ[ |. ss . - oi cK 

S^S- 66°! 47^1 «|£*||°|o| Xil^^go^Ai, A^7| Ji| ! oj|LlX|Hj^ 2il£jO^ 5 A[§^ o_h@ x|| 2 o||LiX|B| 

z F L ^|3Ho^^ > oi|§ #oj XH| 1 OULjXlgo^AH, «^UaS| B^|0|Xi^, X|| 2 Oij M X| "J o ^ o^^^xjoj ^|0|XH^O|L|- ^no| 

o|sh ^o|, ^| 2 o||Llx|a# °J^-1£1 ZSaH^o^m^ 7|g- oj gz^^l ^£*||°t# elSS §£1 7}gofe 3d# gol^M! t> 

^ §A|oi|, XH| 1 0||L1X|^# ^i^£S 5A^o S ^| i 7|^o^o| og xh^i Sj^l^oi, 7|D|-o| JL\L\\*} 7[<^0\\ '2\*Y §§ 

S^l^ 69B| S^F-l!- 47^| aj-£^|°fo| Xi|^^g o^Ai, £J7| X|| 1 0||LlX|yj °j X|| 2 Ol|LiX|a^ A^ ^7|A|=fc|AH 2JS(o S . 

S^fofe 5# f§£^ ^32 °icK 

^^i^^J 2AfEhO|°|HSAH^, 0H|-& ^7 1 Ail 1 0||LlX|Hj # 5 A^hb 7|7}-B, A} 7 | ^| 2 q|| ^ X| g EE Aj^fe 7|Z}LH0|Di ££oh 

X|| 2 Oj|LlX|So| ^a|- ^7|o| 2/3 0|^o| 7|Z}o^ §fe ^0| bfB^^cK 

££, Z| 0||LiX|«»-S. ^^|2Ho^- x|| 1 Oj|L|X|yjo^Ai ^-^^X|o| aflOlX^, X|| 2 CH|LiX|^°^Ai ^^^X|o| 2^0|X)gom 

^0|, X|| 1 0|| Li X| a Ai| 2 0||LiX|»J# U^^jH^. 2A(^£^ | E.^I^^SO|| ^ g|o^ ^A^^ §0|^l 
7|^o| ji^^j. 7 ^ CH| °|oj- §§0|L| tij go| gAjo ^X|^°jAi S 0i| Li X J -1- ^0^3^ 7^^ ^ °i££^ ^^^| d^^|o|o| 

ggcni i£sj a|t_^ «f7fl a|Ai|^oi l, b ^A|7|^ 3di S0|SW W ^ ^cK 



S^S- 73 ££^ S^S 74^1 g*S« S9-g- 47^1 BKE*l|ats| aUSSNasSAl, xfl 1 oi|uix|«j §J jq| 2 oHt-ixigJ-E- &7| S?*« 
&KE*l|ato| 300 ID o|M 1200°C o|*h cm y^^oMI^ 6001C o|^ 1100'C o|uM>| 7|-<g£|i^ SA^fe £j# ^§£5. 

o|*F as fflflsl Ht 1 *! 7HI ^-i£S «a|B ^§o| ^S^- 3£S el» 999Vo|l| 

as** BM*fs*i, as*t» ^^t si as* sem^i sfoi ss^^t ^gsw e assign soi*wi * ^ 

St 1 * 75^i S^th 47^1 «KE*lists| A-jj^^^ o ^A-i, A| 7j afi*i|=io| g^sj 3|e^| sl|^h ~A^o\^ s 

T 1 *!!^ ofl-1 1-S ^7 1 yj£*||°+0| g^Sl 7|£K>| 300 °C 600 "C 0|^o| ^i7f £|£S 7|»B*fe 3j0| bHf*|S|- 

1>0|, *i| 2 CH|LiXjao]| Ci^Oj B|E-jOi| o| Sl) 7|£h# 7^*fo^Mi, of* *Y±x\\ tf^o^ ;fgf ^ ^-A|a]|, 

yjz^KH 28g»g S0|*MI tt ^ 

SEtt, #H«a| 3|E-ie}o|| s|sim 7|»# 7«*|-te S-^ol| tU|?_k>i| 7FS# ^ »0|*M| 

77^| t§§ S^*} 47^1 ^£*H°ta| X-il^^go^Ai, x|| 1 Oi|LiX|gJ-&, 4K7| St^JHI W£*||^0|| &lO|*]S| ojw^ 

2A^fc ^A|0i|, AV 7 | x|| 2 CHIMXiaS, ^7 1 m> S^Sl «^0|| CH§HAiD}3EA^F^ ^S°3. 51 &h 

0|^ 1>0| «-«XHo^ xfl 2 cH|LiX|H|# SAHhO^M), Ofl# #g ^<=>| ^-E S7|^H ^AH 0 | i£o[ g«°kH| CH^Qj ob ALA | 

s ^ 5i^H^. t ^Aie>o| §§o § i£^2 as si-* sk* * #s *oi«wi «■ ^ aw. 

8^*7831 U ^S§ St 1 »47S| SJ-JE^!°to| X-il^^Bo^AH, a^ 7 | x|| 2 0j|LiX|a-S, -y-^l 710-011 5iOjA-io| §-go| M7| g^i 

^■Sx-il °|-oi| 5jcHAHo| ^--i-^cf. a. 7j§ sgo^ sun SicK 

Aj-7| Ail 1 OllLiXlHjS, AJ-7I S^-xfl «l-Sx-i|°|o| m^r^n^y\ ^7 1 ^ix-l|°|o| °t-^7?jl o| ^-o| ^o| 10 U || 0 |AV°I ^ 

o| b|-B}^^cK 

^a-1|3ho^- s o\\m #S ^7 1 71^-E ftai^lBolol, ^7j eh£*||eto| aj £ | S h|d|o| g^cHI, av7| 7HI 1 o«Lix|ao S 

Ai OfsiffOE oijAlCHB^OlXi, qijAlCH^IOlXi, HAij^^ qn A | ^ ^ 0 1 x\ ££^ 3Ai|-^#^o s Oi|A|tH&{|0| Xjgo| 

CHi^ «mo| BllOlA-ig, Ap| AH| 2 OijLiXia^mAi Bj-A^^anolxiol Z\\0\X-\^^r ^ o|cK 

OlM^f, *\\ 1 0||LiX|HjO| S^-il y£*||StS| 5 D J 7W0|0||AH S-E AH| 2 Oi|LiA-|«J^ 7|&0|| 

«]-£x-j|°|0| j&#AH 1- A | Oji, 7|5i 7|-^£|CH XH1 1 Oj|LiX|Hjo| ^A^|- *0]| A-| A-j ^| uj CH AH &0 | 

°^. ( b|jnAH a. a§ojx^^ sAH £ |j Ii a§^ S oi y-ixn^oi g^g^. 

S^P-S- 81^1 ^S-E 7|^c>|| gAHsj g^xHI SS^AI^I-^ ^^|°|o| xH3sS-x|^.AH f AH] 1 0{|LiX|HJ# fEAftfe AH| 1 ^ 

0|^AM, AV7| Xfl 2 Oi|LiX|aS S^l y^x||°|o| iJ 7\&0\\7?[X\ £&S^7| tl^, 3^*11 St0| ZL ^-7?||g-§0{| fi^AH 7« 

#AjoH, 7|p £ 7^£|Oj Ail 1 Oj|LlA-|«jo| ^\A\S>\ -E£7:h7^ ^^C|-. 

zleha-i, Ai| 1 oi|Mx|ao| 5A[§o^ 7|-<g£|^, §§9 S^xil «hE*il&f-E h 3EAf7h#^.S ^o|| a-} A-j "3| ^z|s|^ah §§^eJ-cK 

aElHl, 2S ^&0| ^^IH|CH b I JH ah ^ g§^'X|-7h §AH£|^ ^A|CH| S§ 3 ^o| ^^Jl *j7|Sj ^Ajoj *tM£| yix-j|o|g Ai| 

S^H- 82^1 ^S-E 81 s| y£xj|°+°| x-il^S-xl^Ai, xfl 2 ^A^^IE ^A^(^^)o^ xi| 2 oj|Lix|«j# |SH°J § 

A|Oi|, ££o[ AJ7| xfl 2 0]|LiA|H|# S§3fe SS([H3®)«}A[g-i ^b|oj- yj^ f§o^ ^ji o Jc ^ 

OI^AM, 7|# 7 j Stt - oi- ^A|oi|, ^-5t# 3^S^0i ^§^ S o| H^^l^g ^# §0|^ 

§?th 83^1 t§€ S^lf 81 «!£*fl°i°| Ai|^^x|^Ai, ££tf ^7| xfl 1 o||Lix|«jjif x-j| 2 oilLixjai- t}^^ tl 

3, ^i-E~# ¥-^A|^|^ »VA^f§ ^b|3^ f A}7| Afl 1 Oil Li A| ^1 °« Ail 2 0||LiX|Hl# ^7| «KE*II°tO|| 7^| ^^-JH^ 

ojAfAj^li^ ^AH £|o1 o. fc fgo^ ^ olch 



0|Sf &0|, Z|0||LiX|a)0| ^^1^1 7-|£| oj Af svo SM | § z\ 0\\ L-\ X| *j °| ^Af#^^0| X-)^5L|H^, ^oj*[ 

M 7 |Sf g>s xHf 1 2EAH^ oi q 2 2A ^ t ^ ( rji^i^o^ oi|# #3, a} 7 | tf£*«st0| ^E|3«fDfoj g^o|| f # 

7| *i| 1 ZEA^t!-B o[2gf?£2 QijAicHaflol*!, tH^i^ ^ a| ch 0 | x-i , awita^ Qji A |Dial|o|xH ee^ 3/fltf 

H, ?l»o| ffa|7|eo|m f ^7 1 S^xil «f£*l|sto| 4iai5ttme! S^cHI, #7 1 Ai| 1 oi|Lix|gjB^Ai o[23|?£h oit 

A|O)£^|0|Xi ( fiil^ WjAlOlE^OlXi, 3lM\&<3±. «|A|CHB||-0|Xi JE£^ HAUtS^S. o|| A | CH B|| 0| X\ # 9\ 0\± SfL^ E-i]0|XH 
If, 4PI *i| 2 0i|MX|So^^ S}<47|.^B||0|*|S| B||0|X|lHI X«»^ sich 

S. 4P| *WI»sH2Sh7| ^|*H «t*»86£| ffl-Sie, ^SA|^^^ ^-§-2|^°<^# y[x\^ 7\&#o\\ §A hj£| b^USS 

e|°tO« 0||LiX|aS ^A^Oi 2§ g&A|?| fe ^XHg y£*||^StS| XOSSfflSSAi, A} 7 | fi^SA|a^o Sfi | q 1 3£ A ^ 

H|o| chg^^ol Ajg(^^)o| ojjLiXlHj-g A[§5W SS, 4PI *\\ 2 ^Afe «J°| yggAJ 0 | ZJg(fc 

jf$)o| oiiLixi^S Afftfi, EES- ^7| xi| 1 3&a>mc|- fe-E ofl M x| ass. gsfe £j# f§£S flch 

££, *^SA|a^3F?-SS|S^a^ * 7Wfe7|e#0|| ggg b^USS aj-°|0|| 0||L-tX|gjS3EAlS|.O| 

2S S*U| 7 |-^ §§§ 7^|fc ^i*l|«|°|-o| O^Ai, Ak 7 | ^AJ = A |g« o^o| m ^Affe £p| 7 | &0 ]| C^Oi A^XHO 

M Oi|LiX|HJ# ^AK^DSE, Oi|Lr|A-|H]°| 5A[g«§ £^^§0^ 0\^[?\\ 5A[Sffe ?AfiAfo| £hQ f M 7 | ^ 

S|S^a«1°SS| Ai| 2 2Afe a^| 7 | ffo| | ch^ch yq|2jo S o||Mx|gj* Jig^oi jh)^o|o| , 5£fi- #7| ah.| 1 3S 

a^^ oi|L-|x[HJ££ ^9£^ SHH °!cK 

0|S£S| feO|)0| ^#^i^^^Oi|Ai B||0|X)2EA^a* S"Cf. 

7|&A^oi| S^S ^e-l^cH! al|o|7HS# ^A^|-oi *Jel|^# §§, S§^|-A|^|Ai gAH^ z\\o\x\ 

Oiyg th Of) CH|, 7|H^l||o| ^Sl^g^Oil ZEA^fe Bi|0|Xilfo| q|| bj X| S£« S^^g^Oil 5A|§|fe El|0|X-^°| Oi|LiX|°'^M 
^ feTil o|0i Bi|0|XiOiy# 3hOi ^.#S|m-^S^Hh Sf^g^£S ^AH 0 | C|-# Dh^S S^offe ^0|CK 

^P-xi|^o^^ t Oi|# #o_1 S^^S^Oi|°f SE-^ 7|© Ajojoil CHSfO) 1 Ei|0|X)ir 5AH o} * f ^-§s|^<*Ol| C« ^0=| 

1 Bflo|x|g. ^a|-a|o| a||o|xi«Mc:|- oi|Llx|^£7)- feS x-fl 2 b||o|^S 5A|f Q-q. 
qo| £Ja|^H| °j Lf) oil a-| sSo^l W ^ Sic:K 

£E, XHI 1 £]|0|Xi ^SA^A|o| £]|0|X^# Ajgo^ ^21, ^| 2 Bl|0|X^ ^A^A|o| E^|0|Xi^# 2(g£S , 7|^# 2§^fe ^ 

^|o|x|-i- go 0 s|Sa|=?|x| B^|o|xHcHy# g- ^ o[cf. 

*l 1 Si|0|Xi ^Af 7 f Bj|0|Xiaa| £A|^f Ol^U^I o^A) ^^S| SAf^ ^A^A^ §[2, X| 2 ^|0|Xi§ ^A^f B||0| 
AiaS| 5Af§ ±f Hgo^Oi 5A|Sfe SX|3SA^ gO^AH, ^§^|^« g^o| D|-§§^B|^o| 0 |^i# ^0|-^ §A|o|| ^^AH £ 

£E, ^#S|^^g^LH°| s^o| gqoll 0||LlX|^i# 7|-X|^ £j|0|Xig# ^AfS|-Oi ^|0|XiC>jy# 15\H At- 7 | ^-^ ^ Lf | 

oi|Ai ^ah 0 | cf# c^g^aigg gAj^- 7h^€*cK 

01 S-^, B}|x|U|. a|^ee^|X|^EHlHo| E|H^iii ^i|o|s^h S^^l^ n£|a| g<=*0||Ai Oj|LiX|^£# 7^X|^ ^|0|Xi§# Z£ 

.Afe^oi £^|o|xic>|y# ^ go| u^si*^. 

0|^o| B||0|XiCHy^ao|| 2iO)Aife, TFT nlie^OB B^|0|Xi«jo| ^ 0 | 2.X\ B||0|XHg# 5A^fe ^01 an^si^cK 

BE, & BJ-£*I| SJ-atSl aH|^S-x|^ oi|Lix|«} ^aj^^b^ m 7 | ol|L-)x|g ^^^oj|A-i ^Ayg cH|Lix|a# cH|L_ix| 7 |- ^y ^ 

§o| ayggx^ §§3fe ^tdlol-oi, a^.| ol|Lix|aS 7|&^oj| g^g b|EJS§ y-^^|a|°|oi| ^Af^oi ' 

IS SS"A| 7 |-^ y-£^|^°|o| aHI^^xI^A^ EE«1 a^ 7 | oi|L.1X|ajo| ^^g 0 | A^ cf# gQ^ f 7 f X |^ f^f ^b|u^ZL, ^7| S E-| 
» -i-^hOi A} 7 | bl^gg y£*||«^Oi| ^OiA-joj ^-o| gqoji A-| jg. Oj|LlX|^^^ ^ 7 | CH| L_i X| o| ^ Af# oH^^^ 

5^ fS£S oicK 

A^ 7 |o| ^AMoil ?iO\A-\ i D|^a°| ^^#0| #CH| o|s|| ^t^fH of^ BH|0|XiOiy&x|^. oho^Atj, ^jl^oj 

Til ^ H o|^ yjo\ 7^sH^U, E£ o^a^ ^|o|xi^g xia|AiLH°| 7|^o|| sa^ 7 | *Jo| #^xi|o| ^|o|xicny §£5^ 



^y|oi-oi, a^7| §gg oi|Lix|«j# 7ie4M>ii g[j£*jsi-stoii §§ g»A|*ifc- suss 

o| ^oil °m 7|&avo| z| g-^on g^o| a||o|*ia# 5Af§^ #o| 7fe*H5!cK 



4JA/0// 

(ttg* 4l-M*PI s|Ajo| gEH)^A|oflo|| cc^ah « MIS* ^SISS ^aacK 

(4!-M«e|| 1-1)7|&4MI <g£j£#o| ch# g«f g^uFoi ^^i^-°|oj| Si-frs* HA sfoi *ijom-^ o}|# i 12a 

- £ 12c oi| z£\b\M ^SthcK 

gs| fSS°J^ ?I£H201) ^|o||^ s. 12c oil i4Epdi afsf i>o|, Sffloil S*H S£^(202)o| &&s\o\ ?jcK 
SS5+(202) *|o||fe. ^ Soj°|(202)Mc(- SSH#0| xH^.^. oi-^cHxj-^ -^e^ 0 | =§4^ m* gojoj 

(203)o| S^£|cH oicK 

£E£h 4p| ^§ S°l^(202)*l S 4*« Sfi&K203)flo||fc u|§g(gf:j|«) *J &I5 ^i(204)o| «tis|o| 

av 7 | H |gg 41 £15^(204)011 £ 12a oil M^htH U W S"-B x, y o||u|x| SSE^-SS 7Wfe aj£JS^a| e4|o|x-|§# 3&AKHB 

3 OH, S"0| 4JS §Sst(203)£| ^S£#o| §oj°|(202)^l fiS.Egac|. yoo^ £ 12 b oi! u-l-Eh 1 ^ &o|, u|S 

3 ^2-15^^1(204)011 ?iCHA-io| §oin|(203) ?|o| gc*^ 0 | §£°|(203) A|-o|°| g^M^ fe-E- £.£7f @cK 

ZL5HAH,, Aj a |^o|D|( 204 )o| ggtfe S°i°j(203) Afo|°| g^o||Ai A|^£|cH a}* §oj°t(203) ?|o| go=j.£ fk§^ 2 

ZLBi 4F§ SflSf(203) A^|o| g^0||Ai^ aS°jX|-77|£|o| g #0 | ^^7| 0\&1L, b 131*1 2 § °] X^ S 3] (*)3§ 

(210b)O| «AH£|- Ak~ §£°f(203) o|so| g^O||A^ Ak* SojQ| (203) o| o ^0i| A-j AH X ^ § g § o| £ | 7 | J| S [d S 

^('Ha32J*hS^(210a)o| S«8cK 

4PI*h ao| ol-oi gAHsi c|-as4|a|5afaK2lO)2f i #HH^I Wfloii °|^H c^An^f. ^^xi c|-a g 41 a| 5 a|-B+ji^ §§tf§£§ 
ahEh«&S-&^|s| n| a 2J£ oi| o|§|| bUn^FS^K £ i3oi| ufeftHcf. 

oi7\M, ¥ ^a|^e|]o| c^g^a|s«|n|(2io)oi|AH^ > 3^ S^^-(202)^^ ^7?i|7^ 200nm £| Sf^^n|(gg£f : 
0.19W/cm • "C), -y* S^^I(203)^^Ai -^7^7^ 30nm, °f Z}^0| 20/^^1 ^R^^^l^t!^ : 0.014 W/cm • °C) 
# Ahg^JIL «cf. 

o}^ t °| ^go||A^ ahojd|o_^ a -| 200nm fi| 1§s| a[^^h|o|^ a^3|-h oicK 5EtF «l§^ 4!el|5^£| ^ 

^ ^ 2-= 85nm ^ ^^^ioj SicK a^l3.^£ES| ^§ ^X(- £12a-£ 12c oi! ?aCHaHo| x yetoj 

E. 13oi|Ai o|mjo} ^o|, -gEHo| ^QoilA-i^ s*||oi| g^7F *m ^oi| cHsFoi, & g-^oi|^ a, B, C S M- 

E Ne ^§ S^^l(203) 5!-?-&s| ^^|°}, yg S^^|(203)oi| axis ^oj°|(202) §!-?-^| 

Si^cti, 2§f[ S£7J H7i| ?H£!£|o1 go| °J§@cK 

32.101, ^§ S ^^[(203)^1 r^^2f0|^iiHEHo| ^* §oj°|(202) §=' S^^(203)^| ^3£#0|M Oi|LiX|^£ 

gOU CLl-B^A-) fflS^XlD}, M 7 |o| oi|oi|Ai^ 5 - 50/zm, «Hf^^7i|^ 10 ~ 30/an 7h £[§^££ ^ ^§0| ^CHX|-^ 

ZLB.\Jl t 4^7|°| ^°30ijA-^ £ 12a - £ 12C Oi| SiCHA-| o| y ^moi| ^E|^H|°|o| ^Dioi| g£ ^7i| Sfe 0i|# UfEfUJ 

B^|0|X-igJ# §X|A|^A-| £&A^fe S^Oil^-, 0\*[?{X\^ x ^^Oi| ^Ai£. g£ ^3£-i- S Sj CL 

BE, ^|o|xh«j# x ^mSLS. S^oil^ ^Afg^ol ol^o^ yjo\\ °\t} Ssoflo| ojm £ 231 ^ g 

BE, 4»^|S|- ^0| A^ O|#o^ ^Aloil, £i|0|X-i^o| Oi|LiX|°'i-g-i-i- g^D^^ C^7i| l^o^Ml ^ £ 5 § 



SE, 4J7|S| o^| o|| Ai-^ m* aa*t(203)S| gg£tf «}g 8a^i(202) fic|- £711 t>\0i ^* Sa^(203)O| §X|*fq afe S^l 
2§a§t Sf2£M, Sasjsi SSfESS °fg sa^Mt^ B.n 3fo=j ^§ Sa^o| mo| g § o Jg 

S HTtf B[£f sHi sick 

£E,"#7|S|- Sol Sa^# 2§ ?SS «fe S^-cMi^, 8 flats) cH|§tf^d|(o{|§BflO| s fi| u|)# ^71| S^B 

Sofe «^(^|)o S Ajg gojcn# 5# *o|*p|| «- ^ SI° ma «i oil S^Ai 4J« SS^IS «g 

m ^ 24^2^ 7|» aaoii a*n gjie °<g°i cn§ *oi*wi es ^ si^. 

ea, ss5=#oi c« aeif og< #a 4i£is*t*tsi ^i* ojis?f.g #011 sm a^Ai^s gch 

o| g^-oilfe o||§7|-§°| §°j£f bim^ ^ti| th l£7f &x|a, 4PI*I- s-o| 2§s| §a^§ S^t* 3S^o| ffio HS| *||3ESS 
S| ZWiSHI ££f ^ Sick 

(^A|^EH ! -2)^7| 2|- S0| 3|-0i SAH£| b| £ *|| Ul-St-a A[-§3|-0i 3- ^°|EEHx|^:E-|o| 0fl# ^ °| th^K 

SE 14a t^ras^al^ *WHB!*l:£sE|s| Sa£, £ 14b fe £ 14a oil ?icHA|°| A _ A < aj £}g£o|cK 

£ 14a, .£ 14b CHI ?icHA-i ? 201 €■ f-SSa^ ?l&, 202 ^ Sa^t, 203 €■ S°J D -t, 205 TilolHSa ^-t, 206 B 
207 S H&liaS^, 208 S TilolJEQ^st, 210b te c« g a| a «J-at(21 0)s| PISS EWSe|(210b)o|cf. 

^, 0| C|-aS^B|^ ^□iH^HXl^E-j-^ A} 7 | *jA|gEH 1-1 Ofl| Ai ^gfl S©| 3^ D|-§S^S B.| 5 "^(21 0)O|| SiOj 

Ais| ^o^°|(203)oi| S^s| cnasa^a^(210b)ei* o||S #cH| o| S || AjE**jo^ yTiAi A^^f-zi, ££°l- ^-£s]| 

as| gf»o| Sa^(203)s| >xHBho|HnH@s| »»3f «««Hx|£flt S^^loi SUCK 

Z1E.JZL, ?J|0|HSa^(205) t ^^3^°|(206), ^B^aS^^(207) §J 7« 0| ES ^^|(208)S| @4 H ^S£SAife ^°t-H|Hx|^ 

o|S|- So| o^oi ^oj^l c|-a§4i£|s «|d|ebh 7: | :±:E ^ j STilsai)- o|^H7|- °t I80cm 2 /V • sec 0|^, ^BH°.| «Jg£i esj 
x|^e-|o| STilsjif 0|#£7|- 70cm 2 /V • sec a y|JH3|-oi TFT m^Er £S t,^A|^ ^ SiS^K 

zial^l, goj°|(203)s| hv*^ ^_^|o|o| ^-ft^o| -y-^|s|-^o| ^x|a|^|^ ^o|| &S^| ^2, ^§ Sa^ h (203) 

s| ?m #ch| [x|-BW gAHs|-b H§£jx|-:n ZJ S-l, fc o| ^^-H£^ias| ^a ei^k 

(^a|^e|| 1-3)^7| ^a|^e[| 1-2 Mc|- s H 7|°| ^°|^?Hx|^Ei-i- ^ah^- 011-i- ^SScf. 

oi ^ag^jaia ^°ibl^i^^^, £ 15011 ufEfa ^oi 3?hsi sa^i(203) a^ichi s^s '27Hsi qiaaeixta^(2iob) 

S 0|§3^0i ^AHi|cH S0| AV 7 | ^A|gEH 1-2 s|- c^cK 

HE, Sa^t(202)HmA^ #£^d^ CVD <H\ S^s] -7>]j7^ °4 200nm S| S a 5|(203)£ ^AH^- ^ 

?>lj7h of 40nm s| t}SR^^^|o| 0|§£|2i 

£E, cH2Sa^a^(210b)S nHNy^Ol S^S Sa^t(203)^cH| ^^||7F 85nm s| ^£|^^^(204)# S^oj-Jl, ^a| 

§EH 1-1 Jlh DfS;[X|£ oj) A |DlEi|0|XHg- iA}f ^[0$ CF^§^£|^ «f°|Sf &o^At| g £ £| ol^K 

^. HSHA|^E-|o| 3 7|# 3711 ^7| ?-j oH A-( ^* Soj°|( 203)^1 ^# $?\\ , t> 1X1} 0{| ^ E| ^ ^|°| 5acH| 5i 0| 

Ai°| Mfflxi^Eis'^gqo) ^o| OjjQEjj^oi Af0 |o| .^bH# «^*| HTit 3^ go| ^^sH^a-i, gn^o 

S HSH^^f^o^oJI oioiAio| ^£|^o| ggojgf ^^b| 371| ^x| *»^B)7|. 551 cK 

ZI^Ai, #7\9\ S0| a a ^1(203) S| 7}^# >il ^SohA| S-H, ^0H« 3H^2HO^ 3711 S(-0i °Jitf §§^ E ||o| Df) g § 

S^S^(210b)# §^o[2, 0|3d« ^t^^^^^i -E- 37|^, SE°[ -^^0| ^5|H1HX| ^Ei# ^ oi C f. 

01| -i- §oj S^ls^l- 0|S^7f ef 200cm 2 /V • sec 5. mi^-l ^^H?Hx|^Ei7f ^oj^cK 

Ol^Hl- S0|, £ "HgOjl o|^j- C^S^£|3 ^^EBHXI^Ejol XH|^^^-£ HSH^I^E-I^ ^i|^^7| S^a« B 1S^J3^^ tt" 
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#o| ^f£^ £j*i*l°i oi|S# H- ^ at 3do|a^, w>**i>\ xH^S »S«fe ^o| ofM cK 

(4U|«e|| 2-1)4W«e|| 2-1 a| *}E.x\\±x[^M t ^^*\?\ B BJ£*l|^£*ls| eis+egHxi^Ei s| oj|# £B*k:h 

£ 16 S- e|a|H|Hx|^E^| cHafsolDi, £ 16a fe SS£, S. 16b S. 16a o|| 5ic^Aio| A _ A - yj£ f £jo|cf. 

5E 16a, 5l 16b oil SiOiAi, 301 S S^ah ^l&Ol^, o| £jo^ 7 1 #(301)^1 ^cH| £j ^^§(302), SEE* 3 ?|^o)| Si £. O|^o| 
xltealSS BfSai^oi as»s|o| o|J?lo1x[£. y£*|«(303)o| ««£|ol SU^h 

0| y£«l»(303)o(fe E. 16a o|| u^tH b[2| s>o| gh£*l|§(303)s| q|»*te 1»S| Stig)o|| &*£*H*(303W BSMlolW U} 
s ^o^ a^o| #7|^(303a)7F Z}2|# ^12 «g£|<H SicK 

ZIBIZI, #7|-^(303a)^r 9tfg4l£S S^Hl^L, 3 ao|(tf£«|* (303)SS^E|SJ ##HO|) §J ##S0|£>|- 
301)01 \ m £ ^S^|0| SUcf- 

EE°h £PI e!i*lie(303)* a"£*|IS(303)S| *l^oj| *ll 1 3<£© (304)O| SgSljl, 0| xfl 1 § aS(304)^fi| ^§ fl*|o|| 

*ll 1 3^ ^HIol^S^ (305)o| S^sio) flcK 

aalZl, 7]|o|^S^(305)g §£f *1I 2 §<aS(306)o| H^^l^l, 0| xi| 2 «fl§(306)^£| Bh£*HS(303)o|| S7|*jo 

m 1«£| 2 g^oj ^S=(307s)^ = Blie!S^(307(D))0| ^ ^ s| &[cK 

o\7\M t ^7 1 #7|^(303a)s| ^fi 1 Am oil »SS|*I BWBh aas| °J§§ SD-ai^aH #7|*(303a)oW 17HS| l§i!j § yjg 
A|7|£^ op | °-|^KM, ehE*1l§(303)£| 0J|# §S 0.05/fln 0|^0|dJ 3/on 0 ] «h §5E^. b|-£M^|-cK 

^7| ^*| *H*sfe 7|#*4 o|*t, #7|^(303a)£| *»o| st^Mc|- 5f« S^, #7|^(303a)o|| &o|Ai ytg*^ §§*!)o| 

Ifl &ejs| ^§f g>oH, a£*H«(303)°S *31 #op|- bH3 agqo| C*r*W Si^r OB. *7|-^(303a)^l ^o| 

3w Sc|- s #7|-^(303a)o|| <&o\M 2?H o|4fs| 2S^o| Sl^l nH«o|cK 

££, #7|-^(303a)s| §ys ^a^o|| &§§W y^g^om #s| c|-# gA^o|a^ ScK 

^7|^(303a)^ y^*IIS(303)o|| 5ic^A^| q|g=§^ ^ 0 |o|| Sah^ ^oj| S}§S|-x| ^2, oj|# #S 7]|o|HS^- 

(305)o|| cj)gofe ^^oi|°i a^«H£. ^l^, ^2£H ^«o|| S»g ^ Afjy-^oll &ms\o] 0.0^ g cK 

SEtl HSJ|°] A^|°| §Zf 7W0|0|| ScK 

££, 3 ^ #7|^(303a)^l ^-E Sofe oj3 ^7jo|| a|-af ajeh^ - SU^Ith * A|a|«e||oJ 5ic»A^ #7|J=< 

(303a)H| ^f-^o^A-) 0 | #7|^ (303am S^^l^ S<H| ^JHo^ ^o| ^o|( w )£F cflaf ^^o||x|i^ ^§£|o) 5UcK 

nai-EL, o|fij &o| S§ofe g§Sxfo| ^o|7^7^s| a S4 H £PI ao||Ai bUf^i^ 

0|S|- ^0| OJ--S. g^oij£ "cHiAi fl*]^ gxH AHxu|go^ b|jn^ a. ^§ojX|-7f Sa^l^ SO) 

a^7|£^ 1-7 1 (303a) 7 1- gAjsLjcH ^i^^^M), yjE*ll» (303)011 Bflo|x)ao| SA^oj 7^£l ^.oil, #7|-^(303a)^o| S7| y 
SS^ol 41^-1 -lA|oj|, o| i§^25«Ej yj-JEx-IIS (303)£-| gts|-oi S§0| AHXt-^ cK 

BE, 3ttH Sig^ #7|-^(303a) H cHS^fe S^l *7|^(303a)oi| Ai ^^°'X^^ a-}^ t_^^x| ^^§(303)°! # 

ok" 7Wo|7;fx| ah^3P| b|H)^ -E 3SS^7|- gAHsicK 

3Bi°^ f ST^IS^ 0|^i# ^OiAi TFT f, fc ^A|7|^ 3d# S0|*f7|| W 4^ ?KK 

^#011, AV 7 |2^ "^JESHXl^E^oj THl^^gOil Cfi^Oi, i 1 8# ^^o^A-J ^ g ohcK £ 18-E ^B£HX|i:E^| 

LfEM^ SS£0|ch 

ejx-l, i 18(A) o!| u^E^yj b^ ^o|, gojAH 7|^(301)^| ojci^Eg (302)# g^^i, ojc:iSHS(302)^ofl ^£|-^# n| 
*}A|^|AH b|§ S (td|^S)o| u}£*||§(303)^ g£Sc:K 

^gofl, ^£^IS(303)^oil smaflxl^e^Aj^xl Sf#)# 1^21 ^^i gAH^zi, o| ^£a^|x|^H# o^3^ ^7| 

£ 16a oil LfE[tj u ^ ao|, b|§fjo| Bj.£«|ft(303)s| cHH=3^ xj^ ^ 0 |o{| ^xi #iJ ^ S L H°II a-| S§tfe #7|^(303a)# 
§Sb[2 ( Zl ^ ^7 1 i^E^|X|^E# xfl7-|oVch 

^#0i|, £ 18(B) CH| ^E^tH bf2[ ao|, ^7| bjgxjoj HJ.£x||S(303)O|| Oi|LiX|Hjo^Aio| qilA|O|^|0|Xig# ^Af^fOi 2g^A|^ 



M, poly-Si ats| 7Hg§££ eta*. 

op|A], e<|o|x-|£f°l =ea| *, ^fl o)|x|°| #7|^(303a)o)| BhE«PS(303)af SSMIoll SicHAH s>|^°| 3^t, fe as 

e^Sfe- a<HI msw, SSfTofl MS o|-5J yztsiol 31*1 as o)|x|*os £=l&^ a°£S, #7|^(303a)« 

^fl c»|x|^=o| §^o|| b|«W ##«| mhS.711 «z|Sch 

aHHAi, #7|^(303a)o|| Sio^ai §2J^o|| 2icHA-|s| igffliacf uu^ Ap|oi| »^g f 2, §^o|| <?10\M a§ffljo| tfg 

EEfe IS ^S-opl 01201 o| ^| o|| x | oil «^*l SS«|o| Sf^cH S§ S§s|£S, a§°J§om i§ £,^71 sHophs- 

0|S*|, §S£j*J-o| ^goll sife 3§7;|£|s| ZK3o| g^ls-lm, ISSSf 2£r So|si?|| t> ^ °>c|. 

TII^SHAi, £ 18(C) o|| LfEftH h|2|- ?>o|, g1£*l|#(303) oj ojciaif (302)^ol| x|| 1 So*S(304)# SgSKH, *il 1 S<£# 
(304)feK)l| xi| 1 3=0] 71|0|H2^(305)S tf^ S^t^. 

a?, £ 18(D) ol| u|E|tH u}£|. ^01, -feh^l ?l|O|sa^(305)S D h— 3.S.-M Af#SK2, &h£*l| #(303)o|| 0|S^2Jffl SEfe SlfS 
£|# «W Sfe- o|S£=|£|o|| s|«H £M en^&pl a^h^osM) ^S^(303s) 5! £e1l£J§e-j(303d)# 

D|x|°to Si E i 8(E ) o|| u|E|-tH h|S| l>o|, *ll 2 83S(306)# B^BM ^SKU, ^^S^(307s), HS||eJS^(307 

(D))# 4J«| «totSS!x|^E|7ha(HScK 

nam, 4p|o| ofloiWfc. yt*||#(303)°SAH Si • c« *HSSAi Si Ge a| Sftf» #o|a|£ yatfcf. 

EE, SIC IV^»|a|2] c(« a=tfrom QaAs 2f 2>-£ lll^ V^2| sff, CdSe 2|- || vi^2| S^o|E|£ gel. 

EE, cfasaaiS ^e|E|Hx|>iE^ o|| a| shot 4ig*h5B*ieh o|3do|| £hS£|x| SU c|g z|g°| «h£ sixfoil 3£ #B 

EEtl, HlSaSl «h£*l|#(303)« CHIS*Wtl ifflOll 0||LiX|B|SSAH <2i|A|O1iH|0|X-|# A|gS|«X|°}, C|# 0||LlX|gJo| Ar sl|0|Ai, 

YAG *|o|x| §£| eflo|x-)g, o|SgJ, £jxf<=y A|gfh ^£ sycf. 

(^a|^eH 2-2)-^A|gEH 2-2 2| £J-S.*II^X|SAi ^(iffi)^E|7H«£| ttW£lHX|^B|ai oij# tfS£H=h 

£ 17a, 17b -fe ^EgHxi^ai m^£o|B|, £ 17a @S£, £ 17b -fe- £ 17a o|| 5JoHAi£| A _ A - ^o|c|. 

o| Bt^S?H^I^EH^ £PI ^^ISEH 2-1 2| u|a«K>1 ^^EpH^e! S^, #7|^(303a)7| yjE*l|«(303)s| a^flofl UMM 
§^£|CH S0| c|=cK 

5. 17a, 17b o|| aicHAH, 301 S g°^S 7|& 0 |o^, 6| S^ah 7|S-(301)a| ^l^o)| aci3HS(302), EESh zl ^|^o|| xi| 1 g=o] 
H3^(305)o| S^£|ol °Jc|. 

E£°l, >l|O|S.*j = (305)S xg 1 SS3S(304)O| ^AH E |i i x|| 1 S'SS (304)^o|| b}£*|| §(303)O| g^£|o] oi C |. 

0| e}E*IIS(303)o||fe £ 17a o|| u|e^ b|£f ^o| y£*)|ft(303)S| S^NI «1£*l|g(303)2| @^u||ol|Ai b|gso S m^. 
sz^o] #7|^(303a)7| ^gs| ?J^# S^^loi 0| #7|^(303a)£| ^-S- *Ja|^e|| 2-1 a| ^iJSfcK 

0=|7|Ai, £S0 || SJOIAH^- go|M ^ *7|^(303a)s| §711 l-IeKHH SU^iel, ^J^ISEH 2-1 2f a\&7\x\g. ^£««S(303) 

§££ Sl-fe ?HO| H|B^3|C|. 

fe^| s^oll u|E|tH b|£| ^o| *|§JSf7)| S^Sf7Hi-| ycHS. 2}^*. ^7)1 «S^|7HU| 3|fe S^O||£, ^3«ol|Ai fl*|i|o^ s§ 
SS-a|U°S^ B|mw e 2§£|X|7| S^EI^- 5.2|fe ScH5!c|. 

ShS«IS(303)^o||fe ^£^1^(303)011 £j7|s|o S g^s|fe i-g-a| xfl 2 S^£J ^a^(307s)2| =et|°ia^(307(D))0| ^ah E |o| 
5ic|. 

^S°tl , -y7|2| «f°tH?HX|^E-|°| JHl2^ao)| q)S|0|, £ 19# &S©(-ojAi ^S^Cf. £ 19^ B|°|E|H X|^EH 2| q| £ y S# 

L ^KH^. gS£o|c|. 

S^H. £ 19(A) oil u|E|tH u|£| ^o|, 7|EK301)-yoil ^ci^S-g (302)* SSsm, ^7| °j^3E.S(302)-^o|| x|| 1 g=foj 

7H0|E2=(3 05 )= AjM g^«[c|. 



c|-^-ol| , s. 19(B) oj| i4E|-fcH u[9\ S>o|, £p| ?l|o|H3^(305) §=' ^i^^S (302)^1 H 1 §£S(304)# S^ofH, *p| xfl 1 § 
^S(304)^cH| 3t|4fA|?s|Ai td|§s(y|El2S)^l y£«HS(303)» 

c^oil, ^£*ilS(303)^Oi| SSB||X|^H(£A|SM ±:§5-| g^o m AjEH g^^H, 0| SSB||X|:^e# D^35 *W , # 

7| £ 17(A) o]| MEFtn u}2t i>o|, u|§so| a£*IIS(303)a| 3^1 oil g*| SS4|ol|Ai HSWfe #7|-?- (303a)# § 

^mo\\ t 5l 19(C) OH ME|-yj U\9\ ^0|, £p| b|§xio| H}£*||ft(303)0|| Oi|LiX|SH^A^| Q||A|EHB||0|X1B* 2A^O| S§^A|^ 

Ai, poly-Si s+a| ^HUS^..^ »cK 

Oi^lA-i, Ak 7 | S f s>o| S7|^(303a)7r S^slcH oi^^MM], £p| fe'AjSEH 2-1 0]|Ai A^og*]- 7j \jL\ a[*}7[x\^ see 2SSa# 2 

a ^, S. 19(D) S. t-fBFtH ^o|, Ap| 0^^(303)^011 ^o\\ q|*[ of^aSAHal Bfl x|:*iB(308)« 4iSS| S^HS. ^ § 
gfctJl, Ap| Bllxl^e (308)« Ap| #(303)011 0|^-°Jg §1T&2.|# gfe o|-&HSSofl £|sH £ 

M BE^ q^jEpf S^Hj-H^AH, rH^S^(303s) §J HiM)°J<g^(303d)# S^^ZL, ZL ^ B||x|^ E( 30 8)-i xllTlficK 

□W°jo^ t £ 19 (e) oil l+ekji ut£} s>o| ^2^(307s), HBII^JS^ (307(D))!- £jq ^ej^HHxi^&p^ goiacK 

ZL£|2, £ ^A|g£H 2-2 oj| RlOl-MS, Ap| aja|@eH 2-1 oi|Ai Ajn|^ ^<^o} Z|^o| ^^ 0 | ij§ 7|**W. 

££, £p|S>h g>-B ^^Ep^o| o|d|e eh xj^E-| Oil 8WL, s A ! o E H 2-1 2 r ^Ep-|§o| Hj-QjEBjjXl^EHS S£ 

EE, &7|s>|- S"0| #7|-^(303a)# &J£*HS(303)sl S^floll Sgsfe PUJ, ^ISPI 2-1 *r cHS^fe «o||e} 

3|-^^ a cK 

(4Wt)£H 3-1 ).£ 20a, £ 20b m*| £ 22o|| n^W tfBficK 

fflA-i, g- ^AigEHoll at°|H?H^|^i&|(TFT : Thin Film Transistor)^ tfBEW. 

£. 20-^ ^(IH)^BpHS^I TFT(410)^I ^ r BhtH H^£0|^, £ 20a ^ TFT(410)H| gSfE, £ 20b fe £ 20a ofl 5i Oi a-| 2. | a- 

A 1 oil a-) m EtS£0|cK 

£21 20a oil 2iOlA-lo| B-B' oi|Ai ^ QS£EO|Dh £ 20a £ 20bO|| ME r tH H|-a|. 2>o|, TFT(410)^ 7|»(401)^o|| 

<d^^HS(402)Hr P-Si ^1(403)^ H 1 ^^^t(404)olr *il 2 S^^|(406)^ 7||0| M3^(405), (407s) HB^|o]S^(407 

(D))a| 37H^l £j^o| S^HJCH ^^s|oi sacK 

Ap| ^ojAH 7|&(401 )e 0i|S S§§ 593 °C, -^^l 1.1mm S| #a|7|©0|ol , oj Ci^ e g( 40 2)-E oil "g" SiO 

2 ^ o|^Oix|^ h|o| 0 |cKSE, P-Si S|(403)-E #(402)^ol| g- «Jg§ ^S^M S^g. c^g^ ^i^lS £ 

*ll¥o|cK 

0| p-Si ^ h (403)€- ^H^?l^(403a)^r ^^<^^(403b) =B|| o| g<*(403c) °S ^^^loi Si^oi, ^^S^(403b) ^ HB^g^ 
(403c)-B *H^S^(403a)S| °t^ol| ^|x|^Jl °|cK 0| ^^S^(403b) ^ HEj|°]2|<*j(403c}-^ 0|^# £ 

gSf££M| ^?^£|CH °!c r . 

At 7 | p-si ^(403)^1 AH^^A-i-^, oi|# ^£|?(Si) Sfe -ya|5^r 711 so^(Ge)^S| n^^m 

SE, p-Si ^1(403)^1 ^^^I^A-i^ u|-B5|*^|Sfe 200A - 150 A, M^f u^s] ^7i|fe 300 A ~ 1000 A t^K 

200 A □|°}^| •^^□j °| 5^^011 ^A-l|7r ^7121, 1 500 A # S5AfO|| H|^H • H^|°J^| 2#7 r 0|#bj- 

0|Oi| qmoi 300A - 1000A °| lH0|S ^^ah oi iS _ € cHAjo| ots § ok^j^ ^ 5i7| tiH^o|cK 

SE 20a £| ^HyS^(403a)s| X ^t, k ^l ^--E, o4|# #S °| 12^ o^H, p-Si ^(403)H| s^S Y °[cHa-|o| s 

0i7|Ai > a^7| ^^^^(403a)ol!^ £ 20a, £ 20ba H £ 21 oil MEM u r S r ^o|, a^o| ggo| g g ^ SBJ-»*l|OJS^(41 1 ) -0| 
^^S^(403b)^r HB^|oi<g^(403c)# ^l> fc ^^ Slgo^Oi gAH£|oi 5ic[. 



o| 3S^^^l>^|cHg^(4ii)^ flo|y*t°| b^gAto S %<£^?\ f^oioi, #°^o|| °JcHAi°| S^Ooi*^ 

Oil ^JHo^ ^^o| *^)g ot \ m0 \Z.\, gS«»^»»l|OJ5^(411)S| 5^ owcf. 

ofl« SS-S #£| f^o^ ^o4Q^ ( 4 0 3 b)c>l | Ai Ha^S«(4 03c )o| ^^£1 g££|CH ^ol£ £jch 

£P| ^yg^(403a)ol| ?iOiA-io| ggojx^, ^i^:S^(403b) BE-^ HEMI°j£^(403c)£| S^HS 7^11 4413 t^°.£ SL| 

o\9.[ s>g t:H§^| *H^3^(403a)ol|A-|^ ^>xS^(403b)^f (403c)# SS^ ?JoiAio| gxjoj^G^^ 

4S xjt^Rlom o|*» ^ 551 ch 

*B 1 S«4(404)-B o|* #g Si0 2 £ o|^oix|-^ Soj°|o|o^ p-Si ^ (403) 9 BC-la£S(402)4 ?|^oj| Sg£|o| °[ch 

7i|0|H2^(405)^ oil* *^Q|fe(AI) OlJ^OWnl, X|| 1 (404)4 *I4<>II, EES- p-Si 4(403)4 *HH8^(403a) 

oil cHg^fe ?|*|0|| §AH£|Ol 81 c}. 

SE. *il 2 S^^|(406)^ ofl* #g Si o 2 s o|^cH^|d=| ( *|| 1 aa o| (404) dj ^q, ejj =( 40 5)4 *l^o|| 4440! flch 

H 1 S£4(404) £J *fl 2 §<£4(406)o||-b p-Si 4(403)4 ^S^(403b) E&fe HB|| °J ( 40 3c)oi| g-^fe 3EjjE| 
(408),(408)O| ^£j£]cH SUcK . 

^r^S^(407s) » H£l|°j3^(407(D)m #S Al S 0|^cHx|°1, 4PI 54 H*(408), (408)# #40^, £p| (403b) 
Hl^r = a||o]S4 (403cm S^of^ 8£4o{ 

>i|O|HS^(405), ^S^(407s) 3! = Bfl£!34(407(D))S £A|*I- El 9 0|44 i?*o||AH ^§4 gAjo £ nH&iyf|OE>AH aH£jnH 
EjO| ^£}s|oi oicK 

^i-goii, a ^AigEHoii as-TFT(4io)ai 4s»a* -astw. 

5. 22±r TFT(410)4 *I|SSS* u^yj £VS H4£0|cK fflxH, H 22(A) ofl L-fEKJj Hj-SJ- g*o| , 7|EK401)4lO|| ^C-jiilHg- 

(402)# CVD g£S £4£i"4. ojCi^^g(402)^| 4^1-^ 0*)* 3000 A fie*. 

4p| el^^HS(402)^oi| ol|* #4^4 CVD H J£^ Si §f 0| Si # £J-ofl ilE||x|AE (£A|**x| &*)* :£§4 

^hs-oil , a 1-7 1 o^as Sfoi in^«h ^, 0||SOE= ^go| gyo S nH &| y o (■ , zish ^ ^7 1 SS£-||7:|^MS ^|7-j 

o|^, ^ras«S'B-»fl|cHS'^(4ll) - * 7fxfe bi^aSS y£^tS^^ A i^l a-Si a|(4l3)« ^ Si^K oi7|Ai, a -Si 

°j(413)^l ^^l-b CM|» 650 a °m &cK 

zie.121, a§^S-^f,^|cHg^(411)# «A||*W| S^ofe a^oiife, 2LS^5E S^a^l^B^ 7K^I)^^I ZKdYyofl sl^ir: 
Si o|§^ #o^ £ gcK 

a-Si at(413)s| 8^0)1 7|j^*|-oi £ 22(B) oil u^h ^o|, ^7| a-Si et(413)a| SSofl «|A|i^Ei|o|xH* ^s^ SA^l-oi, o| 

a-Si ^(413)# 7^ §§of * a^th^K o|^.AH, ass ^i*||# o^ A -l °| p _ Si s+(403)o| g^@cK 

oi?\M, «i|A|cHB||o|xi* Affsfe as 4^ oil a-Si ^(413)-E g^o|| SlcHAio| g^7j|^7f 3£5 , a-Si ^(413) S 

*||«o| # «-| A^ A |a ^ oi- a _ Sj 7 ^ XH|7H1! aa^»a»*HO|e^(411) -S| Sfl0|X^0| S^H|X| o.oo 

^SW, s-y|^So|| ?icHAH 7^ ejxi aSti&arePII<>134(411)£| 7Wo| a-Si a«4l3)a| ^fl o||x|^)o| as4 7H a| 

-Er-Eoij ii^U, oi7|A-i s|^o| ag$i|o| ^A^SjcK 

aa|31, zi ^o||^ o| §ajo s «^ aS«»o| «SH*MI s\x\a} t 0 \o\ affil SS^S^f, k €- SS^I-oi 

aS^&^^lcHg^ (411) --oil fl*i|H|CH ^^g^(403b)^ H^|°Jg^(403c)# SSofe a J|t£^ ^i^IcK 

3 a^, ^S^(403bM H^|ojS^(403c)l- °JI^ ^S=0|| ?iOlAHo| lgoj^|^i7f ^ p-Si ^0| S^gc^ 

£p| oi|Lix|ajo| ^Af^o^^, oj|* XeCK^S" 308nm) #^| Q« A)D1 ^ a| g-^, El9S^O| oj)* £J-^o| ^ 
mm a| H Jli 0 J SOns^l ^|0|x-ig A^ohcf, 



sflO|x^o| o||Ll^iaH(a*ia^Ss| 2A^|Lix| : mJ/cm 2 )SAife, a-Si ^ (413)« aS*W*lfcE| *1tfS 7«tt 4 s Si 

ZlElIL, &7| 3|A|cHB||0|xiSAife XeCl S|o|| ArF, KrF, XeF g£| «|A|cHBjo|7f|B^ fie*. 

a3g&gteMlcH§=(4ll)£| y^oil qiBlWfc, a-Si e*s| &Hf-*II»4 Sa^th SWi|a|ols| o|#^£# 

a&SW «1SI«M| ^J§t ^ 5J2, o| ^a|^eH01| °|C»A^ 9f 2 m 5. ^52 Sich 

£E, aS«9aTSWlol9^(4ll)fi| ^o|j CHAWS. a - S i °|°| sw»m oj| ui x| «j o| ^ = 14 ^£ #o|| u^ah s|g«Pl ^§ 

ft ^ SiS, o| ^A|od E HcH| 5iCHA-i^ of 1^ m SK2 SicK 

#7 Ifi SS£|- ^, £ 22(C) oil i4E|-fcH ^o|, a^7| p-Si a«403)^o|| A\ 1 S^^t(404)# ^gj- CVD ^t^|7|- 1000A 0| 

sis* gerew. 

X1| 1 goj°t(404)^Oi| 0i| # A! S^f-THI 2000 A 0| S|i^ ^ E-| g BKH, Al Oi|*HH°«S *\%*\0\ Sf 1 SflHOliS 
IfH^M) ^§o| gAJ £I nHE^el-Oi 7flO|ES=(405) SU ^H^jn^ld* 

c^oil, £E 22(D) oj| u^El-y b|-S|- i>0|, ^7| ^3^(405)# D^S SfOi p-Si ^1(4 03) oil o|-£^°jg £E-^ fiiF-g-El* *W dt 
€r Ol^Eggo^ ^Li ^ ^ EH 7 h £|fc #£#0|-£, ^|^£r °J 5LB §S| #£#0|-£§ ^S&Cf. 

0|^AH. 4PI p-Si ^(403)cHI XHtfa^(403a)3|- ^^g^(403b) S = B||ojS«*(403c)o| S«gcK 

£°J£ 22(E) oi| i4E|-tH u}£} ^o|, 7f|0|BS^(1 15)^oi| #3 Si0 2 £ 0|^cH*|-i= *il 2 S«&t(406)S CVD g£S 
^■^1 5000 a 7^ H|£^^°ft>c:K 

Tjl^SHAi, 0| X|| 1 §oj°4(404) 3! fl| 2 §£St(406)ol| y A y A p-Si ^(403)^1 ^^g^(403b) E£±r = B|| Si g Sj (403c)o|| BSfe aQ| 
HS(408),(408)# ^H^-tfcK^l^oHAi, Al ef* 3000a U 3000a o| £|£s >^jr| Ej g °} 3^ oi|# #3 BC | 

3/ Cl 2 31 7^« Af-g-s = bk>|o||So|| o|uH g^o m nH&jyoj-cK 

Ol^Mj, ^S^(407s) §=' HB||o|a=(407(D)W 0|#S| uH^nU^O! SggcJ. 

0|^o^ g ^Aj^Ef) 3-1 oil ^g^(403b)^ = Bi|o]ge| (403c)# SH^fe ZJ »#fi| ^H^l 3§ 

ei*» ^ si^i, oisah STiis^ oi#^7f ^=^a A EWg o| tft 7^ eojscK 

=1B.\JL 0\ ^A|gEHoi|A^, ^oiM 7|ff(40l)om p-Si ^t(403)Oi| JZ7|-S| XH^.# A^^Hl ofo £S) STjlSoll- 0|^^7|- ^ 

°[ TFT « xi^hm xHIStf ^ °icK 

(^ai^eH 3~2)^ V90II ath s A l S E H 3-2 oil ^[oi E. 23 - £ 2 5 oil n^afA-i BficK 

s A t o E H 3-2 o|| a|°|^£Hx|^E^o| o^ §> 7 |^o| ^7 1 ^A|gEB 3-1 ^ ^^-^xhchi q|uHA)^ ^^t} S 

gUf #0iA-j AUijBj- ^n|S a^cj, 

£ 23 S S -feJA|gEH 3-2 oil ^[o[ Q^^^^^o| TFT(420)°-I Pi^# M E htS i 23a ^ ^7| TFT(420)^I §^£0|d^ 

£ 24^ £ 23a oil 2iolAio| d-D' o\\M MEM 32 5i^K 

£ 23a, JE 23b o{| ME|-yj h^|- ^o|, ^7| TFT(420)^ ^ 0 J£ 7|B(401)^o|| E i-S^S(402)^, p-Si Q|(403)^K ^l 1 
(404)^, 7i|0|EXj^( 405 ) i ^^-g^ (407s) ^ H£i|°jg^(407(D))°-l 3^H^I S^o| g ^ s| oj ^-^HlcH °[cK 

^7 1 7i|0|^S^(405)-B 7|3(401)^^I 2! S(402)^O|| S^£|Oj 01 ^ 

^7| X|| 1 §£St(404)-£ ^7| OHC1^^S(402) S TIIOIJES ^(405)^O|| S^i|Oi °JcK BEt[, 0| X|| 1 § oj °t(404)^O|| fe p-Si H 
(403)o| S^ £ |o| suck 

oi7|Ai, p- Si at(403)o|| °joiAHo| xHyg^(403a)oil^- f *}7\ ^a|^eH 3-1 *\ B^Wl fl^l a§^^^t,^|cHg 

^(411) -0| ^^?J^(403b)o||AH ^^|ojg^(403c)S| ^fto^ gAH^o) oi^^ 23a §J £ 24 ^i)^i^S^(407s) §=' ^B]|ojxj 
^(407(D))-& p-Si ^1(403)^1 rH^°J^(403b) SE±r H^IZ!S°4(403c)O| Q^^s ^£z]o] 5JcK 

aaU, ^7| 71101^2^(405), (407s) °J ^B^|ojg^(407(D))-B ^a|^ £S o|2|a| «^oi|A-i ^§^1 S-y^ ^HyU 

o^m| bK^niiEH^ ^ah S ^ 01 cK 

0| 4 lA l^ E Holl ^sJ- TFT(420)H| ^l^^gjl £ 25# ^i^^A-J 



5. 25fe.4*7| TFT(420)s| *i|^§S# «4EMfe Bfl S±l£0|cK 

Bxi, *}7| ^jx|gEH 3-1 af ^ 7|e(40U4WI ^ti^^S(402)S 

SEtt, o| ^ci^ES(402)^oi| ^§o| gM 0 | £|££ oRB|ti«}o( *|o|^*R (405) 3! oHtj^He# «£ecK£ 25(A) 
c^oj|, JE 25(B) oil i4EhtH b^|-^0| f £p| 7||0| ^.3^(405) Si S *|£a££(402)&o|| *i| 1 S<S5+(404)§ «gt*ch 
£E£h 4J-7| *M|^eh 3-1 9h<>4 0| x-il 1 goi°|(404)^oj| oi|# CVD S^^. Si *S «g»ch o| Si S & 

OISMI, £p| aS«S»»»l|cHS^(411) T^IBa-Si *K413)# ««WO) £ 25(C) oil ijEty uffif ^o|, av 7 | a _ Si °f( 4 i3) 
2| ggoil «|A|oisflo|^# o| a-Si *i(413)§ a«SW*l*l p -si ^l(403)# S«»ch 

OpW/p-Si a«403)o|| 5ic^Aio| *||ygs|(403a)oMfc a3£S^t, k *i|0|§^ (411) — o| §^s|cH Sl£HS, &?\ £Ja|§eh 3-1 *f 
D^^IS, §£5=)-^ ^^S^(403b) H£fl°!°|<*j(403c)S| y*tog 7^^ £}Aj£j § aj 0 | £(cK 

^^,■^^8^(4036)31- =Blle!a^(403c)* °J3ofe S|4j»»o|| 9lO\*\9\ S§°J§§ AJ^^O^ X^A|7| H£, S^lfi^ 0| 
*£s| ty § - oi cK 

ZL £ 25(D) oil ufEhtH u|-fil- l>o|, ^7 1 p-Si at (403)^o|| j| f ±& ^ GUS^ofl sjs|| :£§°| s^o^ ^ 

^7| £p|AE Df A a(414) ^^ -i-^o|SS 5o|BhS W;*g-5\ *Hgs=Ife 3-8 ol-qil, xHSe ^ Si 

cK 

?x|3Ho^- i oi|# SX|e||x|^:E(A^ = g : OFPR-5000, £a^?K«««-fb)^S|7MI#) S 4^ Si Eh 
SE, B^I^H^ai- &o| if^f 7Wte edoil SS£|^ZLBf3x|oi| s|§H nH&iye ^ Si^ 3 §o|Bh£. EjCf. 

AV7| B^A|^JEDl-^a(414)# □h^HS. §[04, p-Si a|(403)Oi| 0i|# Oj-^i^ o_g_ o| cr- ^g. so| ^-^#0|^# 

oj^M), AV 7 | p-Si ^l(403)oi| *Htf g«|(403a)3j o| xfiS S^(403a)£| ^^oij ^^g^(403b) §J He^| °Jg^(403c)o| S^^IcK 

3 ^, ^7| Bi|x|^ED^3(414)# ^Bl^Jl, £E*[ £ 25(E) oj| u^e^ u^fif ^0|, ^^S^(407s) Si ^B^l S ^ (407(D)) # ajej) 
^13^ S^^oi, & tJAjgEH 3-2 oil Bt!- ^^&p-]odo| T FT(420)# BfecK 

o|SF &o| *KH xi| a|£] ^^E-)7-)g°| TFT oil °}oiM^ t ^7| ^a|§eh 3-1 ^ #^^7{| 3^|^^ o|s.£o| ftAV §o| ^o(^J 

(tJAi^EH 3-3)01 tJA|SEH 3-3 s Aj A | gE || 3 _ 1t 3_ 2 oi| oiolAio| gS^^^olg^ Cj]A| ojo^ Mct ^iai| olQiAi 
2§^7^ ?HA|£|^ S7|S§^ g«I g£j °! 7Jf IS£i 

£ 26o|| [[[BfAi e A l o E H 3-3 o|| ^0} asa^etyH*!! H^H x|^E-}oi| cH^oi tfgthch aS^&y*t?H|oig^ qj^ 

ZE7|a§^ °l" 5 0|£|^ Aj A |gEH 3-1 ^ ISSfiS, d(-^o| ^goflA-^ S7|a§^ «g^Oi| Af*f 0|£|°| ^ 

^. «7| *JA|gEf| 3-1 Z£= 4'AISEH 3-2 S| &|a|E5HX|^E^f 7|fe# 7^|^ ^££_±D\\ Z\\^ #^o[ #S^K 

£ 26oi| L-j-Ef-t-H ^o|, p-Si ^l(403)oil-~ xfl^S^oii ^^°^oi|Ai =B^°]S^a| ^ % o\s>\o\ #£#o|£ 

0| bH^go| =S7|a§^ S^(421)0| g^£|Oi ^£0^, 0|fi|- 7^1^ TFT{430)-^ ^0| 3^ t Si 

3*1, ^7| tJAlSEH 3-1 HI- □|-*>7WS o^Oi, A^| gojAj 7|^(401)^ol| oj ci 3I§(402)§ CVD ^°[ohdf. 

^^oi|, a 1-7 1 ojci^HS(402)^oi| oils S£ #B^of CVD Si S^ofi, o| Si § ^ofl s^a^l^e^ ^go| gA ^o 

g_ AjqxH gAH^cf o| II£pbIf Df±31 ohOi ^, Oi|go^ ^go| |^o S n}|E^ o|-0^ a -Si ^{413)« gAj 

0 1 °H A "! , a-Si a|(4i3)£| x||yS^(403a)oi| SicHA-|, ^>ig^(403b)o|| a-| = s^|olg«(403c)s| ^go S ^£^0^ °J ££^ ^ 



oisi*i #so|oi EEti as* nM^^m ^ si^ *e#ois* 271 as si- 3^(421 )# §se^k 

zialZL, 3E7|aS» S^(421)o| SSS a-Si st(4l3)s| ggo|| 0||l1x|H©sa1 s| ^ a|q^ ^o|x-j^# 50ns Si 5A^2, n£! * 
a-Si at(413)s| 3 £4* 

opM, a-Si s+(413)s| oi|Llx|ffl# 2AHfi* mi a-Si et(413)Ss| ^£E7|- SOWS, n *s| »yo| a -Si &K413)s| S£7|- ^ 

HilM SH^WS}, B|-gO||Ai gQ^ojl o>xi 2E7|aS* g^(42l)Oj| S|&S| SS^|0| ^^^C|-. 

2H M:^, 27|aS* gs|(42l)S- S^#o|S# ^gJtJ-HS*! q-E S^acf $£o||Ai as*7|- ee\o] °«7| me 

o|cK zl 3&7|SS* S^(421)cH|Ai SS«l# *W 2SS&o| HJsHS^K tcRW, S asanas© poly- 

Si a» 4= Si^K aalJH, aS4M*l fl «7| ^A|gEH 3-1 *f #M«cK 

a^| 2§t| 7HA|g£# £SJ ^ Site M^#o|^# a-Si e+ofl gjffle ^>i<=>| tfrSsite oNS, ^eH gx|o| zj 5 gj. 

^7|SS* S^o^Ai^, a0 | *£*o|£« ^dcHl 8>;a, d|&| ^ftaj ©g. as*WS! g«l( = BliaS) 

* §§tf ssoii *\m sstas^ssjsi #«* oi**k=- § ^ bck 

E£, o|s|. s>e HEHI3SS «a||*wi SSop| flAWfe, o||* 7RKd»a| £}<S^y s| j£A| §§ o|*s||£. Sch 

(^A|fd EH 3 - 1 ^ 3-3 o|| cHB 3 £|s| AHf)A}7| ^a|^eh 3-1 §=' ^A|gE|| 3-2 cH| Slo^fe, a -Si ^+(41 3)cH| r^g^sf S.£{|°]°| 
q# yg^S ZJ § aSSS-»-»*llol 5^(411) ■•■* «S*I-S*l£h * ffl-S-g o| otEjioii ofg£|^7j£oHi:K 

ofl* ME, £ 27011 L^Ej-tH a|-Sf 1>0|, ^g^n[ He^ojo^q^ o^S^te clo-S. *S^r2J aS«S»»fll °i§^{431 ) »•* SS 
0| ^EfjOll olO|AH^ t ±Agw^ HEl|o|g<*j# tia«lte ai-igkoll oi^ol £ g ah §-ah*bx-|| 0| §^(431 )S| Z}^ , 0| Z}^J1|- ^7>]| 

o| H J§o S si^ofe iJ-ffcoil ^laiA-ioj ojgsj.- 3 S^^^M> k ^|cH^ ^(431)2-1 7}^* ^So^l sggo^, SS^^I o| 
CHI 5ioiA-lo| ot g# 7H|cH& ^ SicK 

^ ^"SoflAH^ h 28o|| L-l-EftH ti[9\ go|, a-Si ^1 aH^S^o|| a-Si ^#^|a| ^* go|o| S^sHH £Ett, 

S*-E- S^l g^S -oi^zH Aj|uj £S gAj^j. ^o|a|i gcK 

naini, av 7 | o^- g^oj g^oii^, p~si b|s| S^SSol ^o|| oj|§ ^oj| o (tH 

o^ji, p-si 5L|^i sat m&^m ^t=: ^5. gcf. 

a-Si ^{413)^1 ^H^^^oil ^-^1-^^ ti|S(ltfft)o| c|-# ofl* gg^^l -¥-AH# *H*|oHi =JcK ££, *H^S^o|| a|^o| 

# ass oi g ^ -i- sso^ yjE. gcf. 

oilS #S a-Si ^tscf u|flo| s ^^H# XB^SKH, cHfM^l^i* £.^I2J 4PI ^xH7h g^SU ^-^ a-Si S 

i^0| 5t££^, DhE ^^0]| bjSFOi 3E7|0|| SS^0| ^^^CK 

oil* a-Si ^Sc|- a|<go| ^XHS ^^S«n|- EBj|°Jg°^f a Jl k °S ^H^I^Il, oi|L-|x|«J# 

^a^|-S a-Si atfich o| ^aho| ^i^o| feoWHi, ^^<^ Afl*|& ^^H^l g^&s| -^^^h ^c«a|o S ^o^cK 

cii^W, o| -^^oij s|^o| ^§oH 0 | ^U-o^ah ^^A-ltl- aS^l^l ^lofe J&2PI- SolScK 

^ 7 | ^A|g E ||o||A-i^ p-Si ^1(403)^1 ^H^^A-i si Si ^ Ge * a^^ o^h* i-^E|-yjx| SE ^ ^go|| oioU-]^ 0|# ^|oi| b]- 
s^al^(SiC)^ IV^^|a|o| 2©o|| o|3f sHf#0|u^ b|^a*(GaAs)3j ^ \\\^\ V^s| ^^o|| ^Hf#, ffllH^I- 
HS(CdSem S-B II V^^l 3EmJ-cH| o|3} sHf# #i Af* 7ffe^cK 

BEo]-, M ^g0i| 5JCHA^ 71101^^^(405), ^^3^(407s) i=' £E«°JS^ (407d)H| AH^^A-i A l # A^o[ ot E H# ^E^X]^, ZL 

S|o|| a*(Cr)o|q *a| «a(Mo), BElfilTa), ElEKTi) ^^1 o|* {fg Aj*«HH ^ic|. 

EEo[, -e- #@o|| 5icHA^ a-Si ^1(413)* 28*1* "M, cn|Lix|^ o^ A -j oq a\q\ b||o|xj* a^o[ o tE! | f qe^x|D} f a s|o|| Ar b|| 
o|^u| YAG eflo|xi g°| £i|o|xig, oj^^, gxfgj A^^Hi ScK 

0|# oi|Lix|S# Af^[|i ZL^i^l oj|Lix|# El^l^oil £S ^a^^ §0|^MI m ^ 2i°H^, 7|^ bjjn^| xi 



4-1 )0| ^ EH 4-1 0\\M± gJ^LfjOll 5i0iA-|o| 0||LlX|aH{aflaSlBo| OilLiXl, 0\15{ g^JEB[2I »)7f t^o||Ai Cf-E 

E^S^I *7f*WM &z*o\\M che^©£ at^7\\ H±i5[±; §-snH@s| o|**fo| SStff »ch 

o^o]|Ai chM©s E|2E*7|| !7fof7m o[^o||Ai cf#^o^ g-jfcfcfe. ££n}|igj£| 881*1)6, £. 29(A). 

ggj&l 3^1 aDSfiAlte, oils #3 He-Ne el|o|xi, oJfiSNoix-l, £K47h^ai|o|xi, ^u|aHo|x) f <*jA|o|^o|xi 

go| Z|g ^|0|X|7f Afg 7fe«>Ch 

^f, ^A|cH^|oixi# A^oi- m. a^oii £foi- ^|o|xicnyaoi| ch*W £S»ck 

£ 42^ B||0|X-)OiyS# o|*& ufE^ qfcAi £0 |Di, £, 42^ 1400 €r »HSAJS*|, 1410 S £^0| 2 

A^fe- n|2EAf*||» ufEKHZL, se» 1401 S oil* XeCI ^ a|cH ^|o|xi# o|»fi ^|o|x)«^j7|o|is| t 1402 °| &i . 1403 S u di 
Hxmo|x-)o|cK 

o| SBJSA^*|(i400)oiHfe B^|o|x^*ha7|(i401)oi|Ai ^a|?j ^§ □ IB) (1402)* §SW ffl££X|4o|x-Ui403)o|| ^£^oi, 
0i7|Ai ^go| BasHHSS §S°J * *e^£S* h|ch sicf. 

HSHX|^o|xH(i403)o||fe *|*t m&sjcH suso*. o| ^A|gEHo|| MOWfe, ^ S o| s|^#^oj| £, 31 oil 

«W »S ^»H# 7Wfe ^nm&m hH*|<£a|s|-x| &#)£|CH suck 

ci*BW, BflO|x^^7|(l401)oi|Ai S0 | o| #34i|B|* ^nfoko^ £ 2 g(A) fit 4|ej£| §§gc|-. 

4PI ©asA^x|(i400)o||AH^ i o1| # ^-oj S^^°J oi|L-lxl^£(c^jgi|^o| £AW ^ x| )7|- 300mJ/cm 2 , o|| L-|7q <|J ^ ^ g . 
^(L)0| 250mJ/cm 2 , ofl M x| °J£7|- S^(H)0| 350mJ/cm 2 , HEhflS^O| 7mmX7mm S S«S ^£J# *^tt 4= Si^; Of 
9BJ* ol-ss^^^ai^HVDi ^o| nisg^goii 5A|sfoi s|a3&t*9* 

SJxi,£ 42^1 s|SAW|(i 41 0)o|| ^EKtH bfaf go|, ffap|t*(i411)s| *|o|| ofl-g #S CVD Ho|| £|sH s^-alUI- 85nm a| 
aSS 4iai5aKl4l2)* «Bt»cK 

?*H*j©^Er, oil* y#7^^AHo| £^^£[7^(SiH 4 ) ^7hMSi 2 H 6 )* Af§3m, ^ Torr S ohoi 

7|^(1411)# 350'C - 530 "C s 7^o|- ^e||o||a-| o|El2S§ 4|a|5eKi412)* ^^tl^K 

oi7|AH, #B|7|ff(i411) flofl ofl* #S Si0 2 £ ol^cHxi-b uhS*(i4l3)« o| ufM ^|oj| ulE^aSS ^£l5°t(i412) 

*^s|«H£Sc:K 

c £j ti|c4g*jxj ^a|^°t(i4l2)^l ^ D -I a ja°^1u CVD Soil o|xh H |- own, #b^d|- CVD S# o|§§Hi 

^^1 olEfaSS ^B|^°t(1412)^l ^l^^il-^ 85nm o\\ S§E|x| 5j&§W| ScK 
0|£|- ^0| *W *4MZ\ b|<Efa§^ ^B|&a|(1412)S| gQ4( 140 4)O|| CH*W, SBJSAjS*l(l400)0||Ai ei|A|[>|B||0|X-|3 

# oil* #S 10^1 SA^oi sHif -^^-M g^ofn, * ^^ohoi as^|-oi-c|.. 

0| A|^E||Oj| A-j-^- j 3fajo| ^A^Ajoji H| 5 A^| (1 4 1 0)* ^1 S B(C K«)£S 0| ^-(»X|^ 7^1^ 7|^'^7|0j| ^O] LH«-# xj^ . 

10" 6 torr)^^ sQ, ^^(^ 23"C ftWI , ^^i ^§ g^(i404)ol| ^«J# 5A[Sfe 43 &^)o|| °|§H S 

*ra*l£}, £ 42 oilAi^ 7|°'#7|# ^ste^oi ^EHJji SUcf. 

naiH, ^7|oh Z|^7H^ O|C|0WI4 0i|A|0|Oi ( S^UHOII °IOlAio| g^ £7 J C^O||Ai C^^o^ c^£ES7i| §7f^q £E^ o[S 
Oil A) C^^o^ c-h^^Tii ^^ofe -£SHHEHo| ggj* A^Sfe aS^fil^ZL, Zl S>|°| ^E7j^ ^^^| ^§£|-^ OMcf. 

0*1* ^ »o(Llx|a5E£A|fe i dltfass ^B|^^(1412)# 2SA| 7 |7| ^|sH Mfi yj£S ££°} ^bH# ^7j| 3j0| 

^, ^Falisi S£oi| cH oH Ai £ ^^^| &§£|^ o|E>a§S ^^^l xH^om ^^| HEi^oi ^t)uMi 

^£ • x-tionh ^ oi- sick 



ch#o)|, £ 29(A) ~ 29(G) « &2iS r S>M ^b||» y[x\^ *}*>^ §^ol| 2i0iAH°| g§2| g£ ^ E ||CH| m«r|c*| 

ch 

t)|EiS§g £15^0)1 £ 29(A) o« ^EhtH £m.En||fd£| 2>4Sre3, ^A^a| £ 29(B) 2| 701 (SE^-S-^-tDS M 

EFtH t^2 r ao|, #^o|| aioj*| ^ ^hH« 7 r *|Di ^S^cHi =3=f BS. ^b||» 7ffl n||fdo| gch ?g^o|| =3» 

^?bH7h S^ei^. ^o)|2| gjgo| H7| ttHSO|cK 

o\o\M, S^Aff s*l*Ffl B*l £££S^<tj(7C)i)2h aS*^£Bhe!(702)s| mx r § *5(g?B ^e)o| #§SE o|s|7f 

§cK o| ^=o|| dI^sj. §§(704)o| ^^EjcK703 e «W EteJS l4eMj1 

ZIEIHI, 0| SS(704)# tt|°£ OR S§£|~£E 0|-yo| £g fiBJl^ §§£§-o| SSH^. 

0|7|CH|AH, £ 70 || olCHAH£| §^2f iJ-El, £ 29(B) CH|A-i^ #oj--^0|| ^b||7|- £<AH<E|oi SJ2°£, 2&ge^(H ^)o)|Ai zi 

o)|, l ^o||ah H * #SHaS«5f8f»)££ 2SSJ*W 4S40»cK 

^, Sas^bH* 7^ SSSS^i 8«W £E o|#£« 7^! 1SI *f|*m =f* £lcK 

ZLBjdl, 2}«Jo| 54^o S Aife fEAf^, 7|nh* S^. A^ E (|(«s.^ E H)o)|Ai g*||£. E|X|E}. ^gj SE^ 7|£^°| 

o|^a|?^£ £12), 5ES- o| o|## S^ffsWE sjcK 

OIS SE-b «^£S*hffl/H SAfSfe &go|| SicHAi^, bH}5|SM|fe £ 300JI l-^^ u^h ^o|, »S£S| ?u||y*(L - H 5E 
t H -» L H J§)°S o|#A|?|fe 3jo| #ch 

oi ^*tois •SAiishTii sss^gt sin, isaxfsi agoiuf asshssai 4= at°c*i. ee*fs^s 

^b||o| §£u[ ^sa| yjEs| §£o|| *!*rA|=*|Ai 0 |s^ £# 5§sfS ^Al|s^| S§^»^§§ #£lf ^ sicf. 
3£|2, £ 3021 S^Sfe 0|§^t,k 711, 712 0|# S^S| 713(A^^)^ W^ l(EM2 Sicf. 

££, £ 300||Ai^ sh^ol 0|^©fe AVEds L^min SJaIoj, 7|e*# g^lOiH <£& SS« iliHoh^ Spoilt, ofl* 

4f7|2|- 2>o| SKH n\*t?} poly-Si 3 o| ^^^-o|| °loM fis §°| g-^-g 

ol&^Sohoi ±Agc^ oj HBHejS^S S^»te 1- SK*| TFT £ 

0| AjA|gE||oi|AH Ad^si- o)| Li x| ^£ii|| tj2| 29(A))-E AM-LCD(Active Matrix Liquid Crystal Display)2| ^S^|S g 

# S^«r7| tJlJH^ ^0| g^£| a§2hO|| fSSfCl. 

(AjA|gE|| 4-2)o| AjA|gEH(^#o^ tJ-MgEH 4-3 oil msHAii ^^)fe b|msj ^o| I§t|^q| ^-S°[ ofloicK 

S ^Al^EHoll ojoiAi A|-S5^ #gje| £ 32(A) o|| ^e^c|. s. i^cHI u|E|-tH %o\ aja|§eJ| 4-2 o|| g=i 

SS-E S?^£7h s H ogw( 72 i)2f L S^(722)0| SS4fO|| £<1M UHg*}- u||eh# SfJl ?jc|. 

cH7|ah, h S^2| L b|#o|| q]sHAHfe °t§£|fe £B o^|°S ^^°r»l =)c|. 

■Eh ^ei^S^fe ^A^^M|o||Ai sa^2| 3S(L g« 2( h aaj)o| ff§|£s 3o||u-|x|$g« fl§s}cK 

3£|H, 017|AH^ h 300mJ/cm 2 , L S^S 200mJ/cm 2 S. °K2, o r S = 21 ii-y £| ^ Sj-°f£| ^77||# 50nm S sfo^ cf# 2 2 

oil msHAH-b s a I ^ e|| 4-1 j>[ #eji^7|| *|-™cL 

cJ#o)|Ai, o| AjA|gEHcH| °JOlAi°| 2§5f C5 E D# JE 32(A) - 32(G) » S5«tfl*i tfatfcf. 

3^, £ 32(A) CH| i-fEfyj gfi^f 7 j X |^ gHi# 3EA^°1, B,^ 5030) £ 32(B) o)| i_^e^ H^2^ ^>-g «. S nJ|&jo| £1 



ziaizi, SS*KM sajssi l\\ 2i y stgofl flowfe, L S^(722)£| B£?|- aa*^£aJeJ(723)o|| o|# A|goiK 

£ 32(C) oil 4EfLH b|-s|. ^o| L a ^(722)o|| C«§§fe fl*|o( 2S^(724)0| 0^(725 fc ^EKHH »cH. 

SEB, SSE^ M|S|7hS(.E 32(D)) HBS^(H)oi|Ai xi§° 0 ^(L)§ Sfit5|^ Soil 3§^&0| ji^^q^( H )^o^ ~ £S :| 

te *A|o|| r o| araoil ah iMB«K>1 «S»cK£. 32(E)). 

0|SF as H§°| v«94 HBS^(H)£| f§^£ o|*^l L-HBpMfiKS 32(F), 32(G)), o| ±|A|«E||o|Hfe S§ah 

gs| »»o| L -> H tf»©£ #£ScK 

¥^(726)(i 32(G))ol|Ai AH^ «#BCK 

o|SM| ( ZLSS^(H)a| « e0 ]| SS°j74|Aio| saioii, o| ##^| ix^Ai tH#sKH a3g&o| L - H tf»af Bg*t 

^ SSSck 

o|4W 1*B D||^NSoi|Ai o| ^a|®eHo|| fl|«ra, ofl* ^ cm u|jiL&! a§ SAJS^nai S§fH S«a|?| 

£E, o|d| ^gsj ?Ha|cH^| o|S»»(ifc^:- = B||o!tf8)ji|. sj^m-c- »-»o| L - -> H sgJ « a^§^ s 

2AWH ?H^|CH7f 2§^j7i|AJs SEh*W 0|*» ^ £l^| TFT * ^ oi C K 

0| ^A|g EH cH| flOWS, ^A|SE|| 4-1 jH £ 33 oil ufE(-tH b|-a|- l>o] 3EAhMiH-H(t = t1 cH|Ai t = t2)oi| Sio^, g«| 

c£- 7j& o| s^g 01s (ws§ s»)a|^|Sah ^AfsHfE Sck 

o|fi|- ao| 3S4 S£s| 2°J^ § ci^ ^o|^ ^do| 7^sHScK 

ZLalJl, S. 33§£| 731, 732 0|-g S^5>| 5A[g 733(AhAj«)s. 5A[g«§ u^l-HZL, Sftfafc o|#«J-»S M-EJ-LflJl 

SU^K EK o|£|- as o|#o|| oH^f. 

n^cil, Ap| 32(A) o]| ufE^uH u[9.[ aB S^£7h a& ^S(H)*I- af» ¥S(L)o| aH!|H|ol o|-^-0|^|-^ §gJB ^ 

"Stl- 7|#-g o^x| ^x|o| 7|#^.a| go|3W| ^ =1 ^S^L^ S^i &^cK 

#^ olhi S£ S^oh^ fflEH# r^S uH*|om, 5E 34 oil ^e^j u|-^ ^h&SS «i 

AJ-go| ^J1^EH# 

naizi, o| i^f sasA^*|o| ^^.^(oi|# =g a^H^|^o|xiLH)oi| ^*|*!-o^am ^Stf aa 

— , #3 ^^^^f Ail^ SE-^ 7^ U!^ SS£S bigs Seh# g^oil a[]x|^ ^E^oii o|eHAii ^fitt ^ Si^K 
£E«. »S0|| uH*l*Wsia(Ia)W)^* alS5?|7|| 3fe tfB£S »a£EnH|j< ^il^ofe ^E.^| s|«|a|£ ^J^ 

m ^ suck 

( s a| g e|| 4-3)^ s A I H E H 4-3 €r Sehyg 0|§^oj S^^^-Soil ^oi^fe S-^o|eK 

o| uim^ i^i-g-smisg ^iioiS ^ SJ££M, ^ai^eh 4-2 ^ -s^s^ b|jn^ a-B S^l SS^N ^tho^ 

^ ^A|gEHoj| °icHA-) A|-g§|-^ o| g^H^^o| n|j eh ^ 35oi| u^e^cK S^i-^-^nH^-B £ 36CHI ufE^ u\sl[ 

^AHo| 2 7f|o| g«J(80l),(802)# § A 1 0j| SAf^Oi °J£ ? |^| o[-~ ^Eiofl §o|^7i| g^S ^ 

^^l^o^- ( 0,1, sfl ^oj gAjoiiAH atilfi al|o|»IB* L^^S >l»o|| m\\ 2?\\9.\ tuigf A^^oi a-) saj 

ziHisq, zfzt Zi^^°J 2?H^i U4|a|7|B ^(Sd^- (§B*W)(H))3J ^&(&aj «(bju»)(l))o| 

g^£|X|o.K HH EH oj ^ 7 |- 27H^| g^jO| JHx^fe 2t£0j| °|sH X^S?|i S^A|^ - oiH, SE ZL S5£(g^^ ^Aj^oj g 

(L)a|-a| L^om a£b|fe b|jn^i xj-^gTit ^§tr su^k 



uRM, s|2Ahfloj uiagy efe|s| ae^*hoi &?l L^o|l| &Sb|* &|gttpfl tfSftch 



cf§, o|2f SS 7K3m|EH# ^7|t|| Sfo^ o|^oix|-^ £f«j# 5 AfS g^oil Slo|*|a| a§£^&H# £ 37(A) - 37(G) o|| o^W 
2£|2, o| ^a|^eHo|| SJoiAi°| 2L*izi?jB raised 4-1 #af#S^K 

£ 37(A) o||Ai ^gx|$|x|fc uiEtag 4l£l5^o|| sea^S. a}e| ^o)|Ai S±j¥(H)o|| »lo|A-|fc fen, 2>£jY(L)o)| Slow 

^-B £JE£SsWi!R 4j(901))o| S^ScKS. 37(B)). 

l^^A^7^ §ie|2 s £7f m&pfe b^oua-^, e. 37(0 on h-b^h u\s.\ soi ^tjooDoi assist! 002)31- si^s ixfs^ 

Y&(^eS^(L)2| &E.7[ y-E ¥&)o{\ 2S^(903)0| ^°>CK 

aa|2, cfA| g£7f *|^s|S(£ 37(D)), i^S^(H)ol|Ai x1^S^(L)# »*KX §o)| 2|§« SS4 H So| L — > H y&££ 

^E2|fe #a|ch|, ahstii Sjo| ^Ajsfoi Df*j7Ws ^£^oj « SftcKE 37(E)). 

o\&[ »e ass| suss* g&e ?|Aj^(H)£h aiAj«.( L )o)| mgsfe :ns§^(H)o| SE7h ##SE o|ehs l-Hs)7^|^x| ai^sc* 

(E 37(F), 37(G)). 

o|^a| SS*s| on ?W §o|| ah o| ^a|§eH 4-3 oil s|**fl. b|n>w h« S^|o)| aW-M a 3 a} §H7F 3^sf2 SXIflafo|§£7|- 

be, o| ^a|^ei|oi| sicHAHs., -fe!A|^E|| 4-2 2|- nfji7W£ 3SSI3I2I axidOS SJ^al ##d)o| HSS^2| §°^o|| s-y 
E|HS., £p| ^A|gE(| 4-2 oM b|2|- ^0|, H — L - H — L 2| BHSS-SSS siJQShfe S"S=* ?H£|oio|-§-^*t°SAi o|§ 

*ra fee 33Ib.2K>i#.e7) Schick 

(^a|^eH 4-4)^a|«eH 4-4 7|S-5jo Sfe aja|£je|| 4 _3 o| s ^ #SS^K o| -feJA|gEHo)|Ait, ?>anHlj2| ^7|2|- Si 
£«] ilf SAj« ( H )s|. ^Aj»( L )7j fflShSMI £|o1 SicK 

c». *miseh 4-4 si m§t aecf. 

E 380|| U\B\<& U[S>\ ^0|, Ti-^AHOI 2 7H2| £^2| 2ho)| #£JoJ ^AJgsfcg *KH , Z]~fl^!=|2| S-tJ^, 

^2| ^|*|7h 2H J -1££ fflS|-ofe 

OJI-g- #S S-=2| afujo) °|A^= d = «o| ifgjofl A^qjsjo S 0> Jl/2, Ji£ £aH« o S S^a|^_IcK 

0|Sf S0| ohS ^^b|2| 2>d^2| ^|*|7h A|?4|«Sj(H^?l]fiU)£:S Ol^L-H. Sd^2f °^Aj « S 0|^O)A|fe 

2| nH|Ho| Eff«°S ffl^Sfe SB* ^ ai^KS 38). 

S^sfe ^E!2SMu, □ 1 5-1-1- A^ShOi 27H2| S^!^2| Q-=2| SSSOl-f- f^££ S#A|^A-) fl^g SS|-A| 

?!■=• ^aom, ssmioii dn*i*> f-s«ii2i s£W?i*r ^a|^ ^ gin, o|2^ s^?n-g 011* 

4}7| g5£xmo|x-|(£ 422| 1403)M|o|| l-H^oI-eK 

0| -6JA|^EHCH| 2|SfS, 2A^°I a|D| =o4o)|^ 2Sg^(H)2[ Ai^g«(L)0| JHxHIo^ S E «siiO|Ho| S 

0| «^-S -S-^g-S -^S2J^ ^-tSS ^gj-^dfe H|S|2| 2^E^» EHo|-^Ai 21^§2| §§» H}e|# ^AH 

If 4= zl£|H, ^tg^ a^l-fe- C|-#2| S2.|o)| 2|7H°>CK 

S_ e|D|Aj^. 2 y *$1-0||AH^. gg, b|g §2| 1-^0 1 C|E££, E^5i°J -&£^£|-7^ CiSHXlS °^2| AJ0|0)| X!1S^E2| ^7|- ^ 

2JcK cc^^^A^ l eM*s|°| saJ* sfe o|£f2| M^#Ji) ^^"oi galScK 

047| A^ TJ-anDgSI ^-7^ Oj^£2| 5l§ 1S | C^£| iA^2| ^ ^A^D^E|- f|sHE S^K 

£E*K I§4 H S2| ^ EMoll a^A-i S^JE2| aH|o|» SHE s|ol o|£f ^ffloq 2|^°j SE^ ^DSWI ^£t ^ 2M. 

S£, 4{A|gEH 4-3, 4-4 2| H^CXI SiOlA-li, -^7| -yA|gE|| 4-1 4-22P SS^Hl. %Sl\0\X] SE^ 7|nh*o| o)^ 5fL|f 0| 

§(§^ff §f S»H?|SAi 2AHf =rE gli, 0| ^g0|| 2|5H !§AH^= WXH^| »||CHtt- ^ gJcK 

3 £|H, 0| 0|§f SAj^(H)^ S^^IUS 0|^OiX|^ f?t|£?f2| g^S^ Sf*K* S=[ g^0||^, M 7 | aj A |^ 

EH 4-3 2| S^aiE 4^3hb sut^h ^cH^iEf. 



»ZKflo|| s|© SKfiit §^A|S ^SE 2lcK 
JE 39^ ^Af^*t(A^| £n_4o| fl»)o|W *^|M of£«n|:*i4!a|Sfts| ^ (1101), u WS(Si0 2 )(1 1 02), *a|7|e(U03)S£ 0| 

Eh TFT oil A>g£|fe ^E|5^e|o| - §m -Ajnm S SKU, ^7|Sc|- 7-|B|7f Sf^H^ ^^i^*to^ ^7|£»oj g 

«g ofe 3E '5S*^K 

ziE-m, «t-at(noi)s| 2^o| ego|) h^ak»HS»)S°S*| y^U, *l-fl(7|CH5)e uF&S(1102)om #E|7|tKH03)ol| 

nam, S^a^i o|§n =^|«hgko| ^« s .g sfcH^fe ^Eh&s*K 2hgn||@e 0 |#tJ- ^ sicK 

^sissfe, oii-i- 7 1 ekiio3)s| o(.go« «j-A^#^x|^oi tj-^s SJ^7|7|| sfe ss^ ^(1101)^ «I-B«(1102) 

*a|7|»(no3Ws| ^S#2.| 3711 oFoi «|S|(ii01)^oiW oja^ gjiK zf ?||flo!|A4 HhA^h ^oi| s. | zHS# «J£?|7l| 
fi-cK 

^ -as^as i§ofe 501 #ck 

L H nr-oil A H 2MdA|B ^£ acK Eh o| S^o||fe 7|» S t^Sfi Sfflol ¥^ofe aHIJ^ B^K 

( el a I S £ H 4-5)* ^a|^eH^ = £*||±:0|| <&o\a-\s>\ «fp| ?[±9] <ysj# flSWSS*!, E|a«£hSo« SS^uH* 

soil 7|-gcK 

o|cH| HH ohoi , ^a|«eH 4-1 ~ 4-4 o||a^ §«jo| g^£nH|Hg i§ ■ ^|cH^-o^ i £2-^ 
3o|cK tq-BH, S ^a|^eh^ ^A|fd EH 4_! - 4-4 £|.±=. g§i gal °}^K ^#o« * ^a|^ehs| lh§# ^SM. 

£ 40-E £ 39 si- n|SA|-jcl|(siS*||)s| EiSSOlDi, 1200 -E S^^l ^j, 1201 -E 1202 ^ 1203 E- 7|^-g 

S^|7|lho||ah BEtl S^i-g-Sfil ZEA^fe U JS£S ISsHxin o»cf. 

<^7| ^AJo^eH 4-1 0|| AH A^gS U|-£>|. ^0|, ^A^o| g^^-Oil^ 7H S | Bi^-yH 7 h S AH E) X | &oo^ j a ^ o | ^7|e^|CH| 
5iCHA^ ^ y -«0|| oi|0| ^£| 7 | Q) g CK ^S, ^iiS^I CHJ=^ ^}7i|0|| §A|C[^£5 c^o| 61(0 1 ^M 0 | ^ Oj uj. 

cK 

* ^A|gEH0||Ai^ ( A^| ^EHg^ ga| ^^|^^|7|-g J)£S| Sg£i 3^| a « mgo^ Sio Di| h oj 7 | # 

^ 7|*||§^o| o|S«K>i &2=A^o|| Ko\M ^£°| ^|# ^Ai^inxi- ^o|cK 

ej^ t o| ft|A|gEH 4-5 oil ?ioiA-io| oj a | # 

SS^HS ^jA|oj&i|o|xH^ ^--B i^^l 1^1 in^(1 l^)s| A|7>e 20 - 50nsec ^ 13"^. ^£[a|, o| ^a[aj ^J-l||o|| a-| 

#g o|^o^ ^^A|g S^7t- ?J II, cchahA-i Aj£|§ -ai nm ^ ojo bjpjo^ yjo\ ?J^o|cK 

dH^ ^-E sfQtoiajfl, ae^Soii °Jo|a| ^^|P-| 7|xj|^^s) ojetoi dh-^ 9\x\n gcK 

^, ^^| ^-^|7|# ^A^j-^ 7|*||§-xm «|°|lH0|! SAH^ 7|^|^X|-^ iJSoj- ^[g^ S°jO|| ff^2 0| 3^ 

^^1°}, 0| 7|^|^-Xfo| ^0||LiX|E||^-E S3£Af£|CH 7f°JS.| ^SCj- ^££1, S°j0|| 0|»tt till CHI y « mjjoh 

•^CK 0|^ 7|*||£A>°| 2LHi^S, ^StS0l|A^ ^^^(^^^j)^ Jl 01^ ^0|Cf. 

CCfHfAi, =-o| «o| 7 |^ 0 m ^o| «o, 7 | # ^AH^ 7|*||£-A>o| £|S^7i| ^PIS, ^£^iS| f^i 5Af& 

S^atS. S^AlgQ^LHoll ^ £7 ^ f2g*[ «^|(^^7f ^§ «^|)4l gAH^ - o jcK 



0|sh t§ J^|» ggtf *r 81 i^S. 3§ah^o| fS»S|-# ^ Stem «z+Scf. o| «zt# C+g2| tJg# 

°raef. 

(412 D^isafl^, ayAMI# #7059 #£|S o|^.cH^I^ 7ra(¥-"fl 1.1mm)£| $\o{\ &|^| 200nm s| SiO 

2 §( u H> h §)# SSSU, cfA| o| *|o| sf^l 50nm s| oFas2)^4'£|^SS =|3EAM£*1 

ctgoll, £ 43CHI L|Eft! ^-a #a|S 0|^-O|x|^. *K1501)0| ggg 7|lJ-g7|(1500)<-Hol| &7| o(-£ e.It|^-feJ E|s* 
(1503)0| gAHEj n| 5 Ah*J-H- ^H, 7|a*7|{i500)Ml2| g7|# ^|7ism, a * =^7h±sguil(1502)S^N ^A7h*:* £fl*KH ?| 

0|CHAi, B)|0|XH2A|-^*|(1510)0||AH ^AJA|^j Q!jA|O|EH|0|XHS *}(1501)# §?W e|2A>*||°| o|-as.2j^^E|5#(i503)ol| SAfsf 

-y^lofl aicHAH°| ^^,7^^(&*|7|^)«s.AH-fe- 5xi0~ 6 torr, 1xi0 -5 torr, 1xi0 -2 torr, lxl0 _1 torr, 1 torr, lOtorr^l 67W 
4 *hSfltK 



££, s)|o|x|3EA^>| o^x-i^. 1 1^(1 AM)?). 30n • sec, gJo| £, 7mm x 7mm, £^£7 r 350mJ/cm 2 s| £h&£.&S7 r 3S!Sr # 

0| ir^jg 100Sii Aja fi^s|-o|| <&<&M^ o|-fisEl^£|5S(i503)S ^§5^^^. zi£|32, £ 43g 

1511 e a|A|cHa||o|x|a- gJ-Aipl, 1512 a|EH . 1513 -E ^2Hx|i-fo|7:i# L+EMin. 2icK 

^47|°^n) ggs|- $174|A}7| 57j£§ x-)|x|sh 6 7Wa| g§§ 4JE.|aetet(poly-Si)oll cn©fo=|, a^(«S*)o|| a|«t ^el 3 

#s o^ck a, s°isfe.^sa°s aras^s ^§*kh, ^71-^eroi 5x10 

- 6 torr ft| ctH^I s^&S=« 1 s 5^ a34 SEf «7WSRch 
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Of 


*l) 1 


1 


4 I 


7 


6 


6 


6 



^, ^^7^^(^|7|^e^)o| i0" 6 torr mo)|A-|fe S*J|7|7f Sit ^^i e!S=l5a* ^ol^ouf, i0" 5 torr qj(»|Aife At 7 | 



=r=^7^°fo| 10" 1 torr S ^o)7:|Dj a^j 0 | ^xis||^A-j A(. E pj al^£|Jl, ZL ^ 10 torr §£?Wt 7|2| -§S^ 

AJEH7^0|E|CHCK 

£.ra, ^°|Hra--g-Sr£oii sisfs, ^^7^yoi sxio _6 torr chiah as^si a|ssi sra^sg If 

nH. ^l?ISf^o| ixi0" 5 torr o)|a^ 4 b||°| ^EKH2, ££*!• 1xi6~ 5 torr o\\M iotorr Aho|o||A^ 6«Ho)|aH 7 uHs| sra^SS 

#a«0||-fe ^|7|#S| g■A^2^ ^gA|?|fe §2| H|2|S^, ^|7|^# 7fe«[ °[ 1-0 SJ AVEIK^O] jejg 

,y E4j )o)| A-i ofe ^o| ^ei^o|SJ°M. 2 1 o)|a| s^t? a^e^ H£2| 5!gAjEj| S ofstf i§if S£7^oix|x| 

£.ra. =r^7ki°jo| feoHJofl ccfsH S-ysicL o| -ygaais sfoi si|o|A-ioiy^a|o|| °|°[ 2Ssfo|| SiojAHfe, 

&^PI°f^# SIS «l o|-yo S a o| #2, HFa5|*h7|sfe 1x10 



zieiji, 2££i ss^ehs *ra «s» as* §£7> s<>)x|x| at y\n^n^\ °§chi at« <g#*ie! S£S | g 

^7^°fo| 5*H*h& a^-oii o[o1ah aga} SteJS 3d-E-, ^rrfc-g-x^ ^ S°jcH| £#SKH o| sf°|o| 

(41 S 2)**PI8W©£Ai ^^7^^# 5xi0" 6 torr, 1torr s| 27^13. ^2, 2|zf ^dWh^WSEfloll °joUi £h«)o| ^A^* 1. 
10, 100, 500 fflSWZ! o\2\± £p| ^1 1 § o yWI S|-oi 2§S poly-Si )« *il*Jo|-Sczh 

nam, ^7|^ s|oi 2|U8£f fS3f2 2Am^a|. S£^s| BMo| sicHAi ^^7^^s| 5 Af^«cK 

o| a at* £ 41011 ME^ch'- 

5. 41 cHI A-i aefl© *r*r 5>o|, ^^^gfo| ttorr £J S^oil SIcHa^ 3^51^ I7^o|| cq-aM a^2J£7t fe^s^n, aS4 § 
StS, ^^7^^o| 5xl0" 6 torr°! S^oil SlolA-lfc, 10fi|* ^cH a-| ^a^^# ^a|^£ aHV&JEm «7 &2 aS^r Si 

0| m*[0\\M C^SI SA^Oi H§^# iSLofc «^0|| xi^A-).E ( H£S| 3§iS t^X| of- g 0 | g£ ^ # 

naiJL, o| S^foil 5icHAi ^±7^y§ ttorr £ *tfi ^A r $[^°| f;[2[ 2§tf §£E7 r ^o| *|-o|5|acL 

33*11. ^§ 10||Aife lOtorr * ^ZdcHI 5i oi a-] o | g 2 ff uJe^x| BHtf*lfih 10torr * 23o|| Si^A-ji o t xjo| aSSI^t 
°t0| ^ahsi^j! AgzigcK 

II 0|^£r Chgal). »Ch ^^7r^^0| *0W3 h|d| SS o|| ** . 0| ^ ^0^1° 3. *Sfi| °J£ 

C r gHf ^-s sll^f ^-7^!CK ^, S^AfC»| S|© ggg 0|£)-o^ 7f<g£|^ «|°|lH^S| #7|^0| fcoMjl, 0| 

#7|OfO| S§o| M*i m X-i^om, ££ T^fcfe b|>4o| ^7|X|°j, of^ 0 | 0| oj-^Oil ^I^H 

#o| ^ x-ii £| oi a S^f^-i SS0| ^J^sH^cK 

nsjul ^7 1 1, 2oyxife ^7|# 71-^^ A-j d|S0| 32 Sy^^r7r ^ ^^7^(H 2 )# A^gxiel, 

0(1* H 2 He, Ar *»^7^» AfS^h ^ 0|« 7|^|^X}# 27H 0|^ Sttfi S«7^B^ S^. £}, 7|^|^Xfo| 

##oii LL^-^^A^ bi^om ^°[#soii s»(^ss, fc # ±Lm)o\ hs, 7|*ii^o| §#0 || ql^h 7^^# ^s«fe ^ 

#^ ^7|S- t^fir He-Ne B^|o|x-| t o^^£l|o|xi go| o^^ ^xjg ^fe b-||o|xH &o}o\ o\l-\z[ x^|Aj |SH §£ a^7^ 

££*!-, o|yoi|A^g§§ y£E^I^^£| f^|£^ ofoi a. y@o| lH## -ySo^xlaj, m ^d|o|| 7 |-o ^oflMxl 

(^a|^e}| 5-1 )S tt-gai ^A|gE|| 5-1 oil q)3K)l, ^ 4 4a , £ 44b 91 £ 45oi| ciJBH tfBW. 

Sj^, 5E 44a 9J £ 44b oj| ufE^yj b^f ^o|, ^R\7\B{521)o\\ m*\±°\ CVD Soil °|SH *\=?-M\ «|^o^o| ol-fis^^-M 

ai5^°i(522)# aae-cK 

o| o^ = n| ^aiStt[a«522)a| ^¥^1^ ^'iol o>§s]x| &x|d} ( §aj s^ch| cc^M ^=31, ofl##^ TFT oil 
300 - 1000A Si. U-^AHuf ^7|g^^xKEHokgx| §)o|| A^^fe g^oll^ 1^ ^^|^ g£jgcf. 

^^o\\ , a} 7 | ofSsJr|^^ja|s«|D|(522)o| g^!=J #a|7| &(521 )*>l&^B|o|x|(535)o|| xH*!^, o r HElr)^^a|Sb|o|( 5 22)o|| 
aStf*s| 1 oi|Lix|«jo| xeCI 9|A|cHa«o|x|(53l)a| ^lol^H(531a) SJ oj|a|7JB*s| H 2 o\\l-\x\&°\ Ar a)|o|xi (532) a| £l|o|x| 



a(532a)# §*I^EH<>||Ai 521 ^ ^A\t}^\. 



^/flSMIfc, £PI XeC! «|A|cHBjo|x^531}fe ^"^J ^ I ^ ^ F 50Hz, 308nm, 2AW|l1x|7|- 300mJ/crn 2 0\o\ t Ar a||0| 

*l(532)fc *V&0\ 488 nm, #^0| 20W/cm 2 0|cK ££, EH|0|x]«i(531a)-B ** = n|B|{533)» f-*W01 ^AfSL|^ eg, 5fl 

0|zia(532a)-B o^o | EH (533)ol! ^l^H SlA^oJ 2AH]cK 

o^sitl> x ^E|suvQ|(522)cH| 5io|AHo| z| Bi|o|xHS(531 a),(532a)s| 3EAigsj(531b).(532b)S u JH§o|d1, £E£M|o|*IH(532a) 
S ^|0|x-i^(531a)2.| 5Afg* (531 b)# S*}o^0i Mc+ H-E 5A^^ (532b)o|| ^AfsjcK 

ZlB-IH, #7|fiJ I>0| 3^d|Ei(533)# Afg3fe sflojx)H(531a), (532a)o| o^snj ^ E|5ttW(522)o|| 3EAfr£| 

s** 3^ asagom g^ssi- oi§i°i xi^oi soi^cfe %°\ hh^*!*!^ y=A| 

SA|-£]X| &Oh£, 011-1- 2n\\9j D|&iS *|7} UH*I°^ § 3^ ^i^£ M yJ\a\ ^x|o^ ^Af5L|£^ *||£ S C*. 

££, XeCI ^A|DiB-i|0|xi(531) cHd ofl« §g ArF, KrF, XeF <*|a|cH e flo|x-| §°| n^o| 400nm 0|^a| ZJ-g a||o|*|» a^*H£ Site 
Ar B-li o|^H (532) c||ajo]| n^0| 450 ~ 550nm Sj *t#S| a||o|x-|* A^flS. gch 

c*|7|a-|, o|-asiEi> 1 ^£|su|D|( 5 22)s i ol|# #S 1000A °] £ 1<H| l^eH-H u}£|- ^-E ^# -^s. 7^21 Sich 

^, oij# #S n^o| £f 500nm 21 Soil nji^A^ a^l^te ^ §£°J 10 5 cm- 1 0|32, 400nm £Lc\ ^nf^oj ^oi| cjj 

siMfe S^^l^fe I0 6 cm" 1 o|^o S 7 -|a| ^a|?|x| afrtec*. 

ZiEHAH, jz}$o| 308nm fi| XeCI «| a|CHb||0|x|(531 )S| El|o|x-)*j(531 a)« 7H*I oha = lt|^4la|SttfttK522)S| £ D J ^eo|W 
31, o|^ch| altl- ^i-y- S! a 2 io|| cni-aw ofs = it1^^£|5«f°t(522)o| 1200°C 7^S^r. 

t^, n^S-Ol 488nm 2! Ar b||o|*K532)s| all o|x-)«J (532a) -B o^sn|^a|SH[Bt(522)s| ^| «^o| 2§^o||Ai »^£|JL, 
3£«§oi| tQBtM (521)0| 400°c 7«ScK 

ZlB-iH^., aH0|xigj(531a).(532a)a| 5Aff£ ofasn|^| BlS^ot (522)^ yj^sun, 3S^^0| ^£h|cH, 33 21*1- 

7 r S «£|4!aiSaW (523)o| saS^K 

^7 1 s|- 5fo| #a|^B|^^°|(523) ^HH^^o| XeC! «|A|rHBBo|x| (531)EW| mm 3§^a|^i #E|^a|5^^l S§sf 

z|z|o| ^§gji[f £ 45 c>i| 7|fi P R S i-[EfLjcf t Aj7| ^ojoiiAH @«Hoj- h^i- g-ol, XeCI ^|A|cHsflo|x|(531)s| aio|xi«J 
(531a)£f» 3EAjo[ g^(R)Mcf Ar B||0|»|(532)S| 4 o|xi gj (532a)# ^#0) ^Afo} g^(p)o| ^o| Bft^aa5£7h Hi, S§4 H o| 
-^^o^cfe ao| «fSjs|sac:K 

* 

SB, o^sitl^Aj E |s«toK522)0| gAjHj ^a|7|ff(521)S 3mm/sec ^J£^ OI^a^I^a^ o^S. = irj^^ B| 5S|°|(522) 

o| go|^oi| #a*w| a||o|^H(53la) l (532a)* SA^ni, ga|*ja|ff ^(523)3) ^^^l S^o|| q|*^ a r ^L^S# ^ 

oi Sit 3£Afo_^ b ^ dH^ S^ah 0 | ^-b ^o| ^ojsiacK 

ZLB-IH, aS»s| *p| ?I^AH^, a} 7 |^ a0 | Ar H^|0|x-ig (532a)£| SAhS ^ (532b)o| , XeCI 9| a|q| b||o| ^ (531 a) 

(^a|§e« 5-2)^7| ^Aj^Efj 5-1 a| Ar B-||0|Xi{532) ^I^J £E 460|] ujEfy ^o|, oi|# n^§0| 4/zm S| &|£| AjHH(534)* 

A^SHS. S^K 

^, #a|7|©( 5 2i)s. ofl# i 470i| u^e^ «W S-E ^r^lH, ^S|Aj^^(534)o||Ai ^SjAj( 534a )^ o r 

S s ^ ^ a| Ej s u|D|(522)g ^nfo^i q|i=i^o| ^a|7|e(521)o|| g^^lch 

Ai f XeCI *|A|Dl&||0|x|(531)s| &!(531a)# 5SA^oj, -&Ja|«e|| 5-1 §^o^|, b|| o| M S (531 a)o|| s.| o|-Ssjh 

^^£1^^^(522)01 7^s|^ o[£, ^ S |Ai^^(5 34 )oj xj (5 34a )oi| #&|7|e(521 )0| 7^ScK 

aBl£^, B^|o|zi«J(531a) ^ ^£|d(534a)s| 5Aff£ ^, ofa. = irj ^AJ a| ^ ^|°|(522)-E A-) a-) "5| ^ H S§ahxv 0 | ^xj^cH 
ag^J^Pr S #2.|aje|^«|d|(523)o| saS^K 

A}7|^ ^0| ^S|AjayH(534)# A^^fe A-i|S|3fJI ^A|S4EH 5-1 §S!! SZjO|| o| §1 | gAHg g B |Aj & | g 5 23)0|| « of 

oi Bf°l>4^^ ss sj. £ 45 o|| 7 |s Q s MEKflch a} 7 | sgo||Ai g«Hof u^j ^o|, q^a| XeCI ^A|cH£^|o|xi(531)^l aflo| 

^iffl(53ia)ys ^Afs s^(r)mc|. BF°}A|Bf^ £7 ^ 32, s§^ 0 [ ^^ofcfe 3joi «fe)£iaicK ££, a§?jx^o| ^^s. ^ais 

E H 5-1 ^ #S^7{| 3do| ftfsjsisa^. 

3E|2, av 7 | 5Hs|Aj(53 4a )oi| n^Oi, ££» ^ A | g Efl 5 -1 Stt«F7ll Ar 3|o|*i (532)^1 al|0|x|gj(532a)5. ^a[b|£^ ns. gcf. 



£E, *|£|*j(534a)£ A|A|«EH 5-1 ^ *«J*WI oF=o|5i(533)# AfgSfe # 0 FH«D| ^A|a|S«W(522)0|| SAW 
(4JAISEH 5-3)S 4JA|gEH 5-3 o|| q^of, £ 48 £ 50cH| o+aW 4jgt^K 

axj f £ 48oji ^e^j dfsf 5>oi, ffai7ie(52r)on ^£aa#B^o|. cvd »*io« °ish g?*&£«ittw&£Aisi oKaoasaiai 

Sttt«M524)# 

4MI*PHfc, ol|S #9 El«7fc±:SA| a^^7^(SiH 4 )£F ^7h£» 2:3^1 u|#£ 7^* 4§§[2, 7|eS£=(ygS 

.Em 350'C - 530"C, ^^0| ^ mTorr a| ygsZjollAH, et^am 85nm s| □iaS4la|5^at(524)* a«»cK 

35.111, o|a«£ja|5^st(524) qjAJ, s a | § b[| 5-1 *r SSiWII Oh£eit|>r4!a|s^&t(522)# H£!*H£ gDh 

5E, #a^o> CVD S*l c«a! LP (Low Power) CVD &*IM- ^n|E|&*| ^§ A>g sH£E gch 

chBoH, □I3§^a|s«|o|( 5 24)o| ggg #a|7|EK521)» 400^0 - 50CTC cH| ah 30^- o|# BflaWjI. oiaS^aiSSW 
(524)§s| ^# #«A|?|fe i^*|a|# ock 

*t. ^#ofe £lo|x)ojyA|oj| acHAi D|a94iaiSttm(524)L||o|| ^rti^h S^«WI 8tft£|o| °iaS4iaiS^(524)oB £av 

^*o|| ( a||o|x|ojye oj-ck a, i 4S>o« i4E|.tf I*o|, *|«eo|| ^ £EA^(541a)o| «|fcH(54l)M|oi| #7\ ffa|7|g- 

(521 )« XeCI <*)A|rHEM|o|x| (531 )a| al|o|xi«|(531a) 9U ^l^lS^(542)s| ti|a9(542a)« 5^oW, Q|aS*!&ISeW 

(524)S a§^A|^AH ffa|4iaiS^(523)< 

a^isMI-^, #7| B||o|x|B(531a)e S^^o| ^ 10ns a| B^S"*!, SrS"^ 3080nm, SAM>imx|fc 350mJ/cm 2 , 5A[5!^ 
10S|o|cK 

££, B||0|xiH(531a)e Bl|0|*|a &±|7|(543), Sa3cmo|7f|(a||o|»ia 3U*3-*l)(544)"5l ^A^(545)S =2£A^cK 9S, 

«l|«»(542a)S o|aS4la|5ttm(524)0| 400 °C §£S 7F3£|£^ SAf^cK 

£S, 4P| »ai*|aiSttW(523)« ^A»a^of e«7|L||o||Ai 350 °C o|^o S 7«»o £JHfc | i ga|^|a| 5 ^(523)^^1 S^S 3 
»o| *KX ggg #a|^a|sa|D| (52 3)o| ggoi^S SEM SJ TEM • a«*k» «r 0.7^ o|Dj, #Bfi°| ^a|>ya|5^ 

EE, 3*1 j^f 0|#^^ 50cm 2 /V • sec oj|A| 80cm 2 /V • sec 3. Sc||**jl f £Efi #a|^a|s«J°J{523)a| SJ stgs| 

a»a£fe 1.3X10 

12 cm~ 2 eV" 1 CH| a^ 1 .0x10 

12 cm' 2 eV" 1 S. ^oh«cK 

^, B^|0|ziH)(531a)s| eea\a\o\\ ^\^E.(5A2)o\\ g«^H^M|, #a| -feJ a| ^ «f°K523)^l aS^j§^l Si stSS| » 

aa|H, B^|o|xia(531a)S! ^a^th# oi&|7Ws 3§o[oi ZEAK>i|Lix|;n 200mJ/cm 2 o|^o||ah §§^7|- ^7|32, 

5000mJ/cm 2 o|AK>i|Ai^ D|aS^a|^o| ±^gcf. 300mJ/cm 

2 o|al 450mJ/cm 2 o|^a| g^|oj|A^ aS«So| s^Hxi as°jgo| ^S^K SE, 3EA^^7|- 54 oj^o^ a§ams| ^ 

^o\ 5hxh|h|cH a§AM 0 | 

aU, #a|^a|^^°t (523)s| hHe^s. aflo|xHcHy Soil hick 

^7|Sf ao| ^oi §ah£i TFT o| 7i|o|Ego^(VQ)-HB^|o| £ je.(, d )^AHs H ^ E 50a{ | lje^ujj ^o|, #EHa| TFT o]| 

01 ?i|o|H3£ro{| q)t} H£^^!S^a| ^- 0 | S^^l ahh^^#e^ah 0 | fkA^ ^°j£|Jl, gJ*l*IS^£ xi^«cK 

3a|32, ^7|^ ao| B^o|xi«j(531a)^l §A|oij ^}SS(542a)# ^Af3^x| 0]]m =g £ 510 || uf^yj a0 | 

t> k H^. 0|§ 7^o[ 7|e^EjO|x|(535)o|| *a|7|»(521)* 4PI E^^l A S ^^rtH ^^o^ o|§A|?|gAH ( a|a 



^aK524)o|| &ojAH°| B0o|xigj(531a)a| 0|§gMfc °^o^ ^^^( 54 2a)# ^a^o^, e^|o|xj«](531a) 

(«yA|g£H 5-4)^ ^g^l ^|a|«eh 5-4 o t TFT o,| s. 52 3! £ 50o|| of^M tfBEW. 

H*!, £ 52011 L|E|-yj ^o|, ^fa|7| ©(521 )CH| ga^ol CVD S# ol-g^ 0^ = 3*1^4! ai5*W(522)# S^SSW. 

^iloMI^, Ofl# #E £h*7h£i£AH Si^y^7F^(SiH 4 )2|- ^±:7|-^S>|-H| S|[^A f Af§§H t 7IBS.E7H80TD - 300 *C, 

o| 0.8 Torr a| yS3E2J°l|AH ^v\\y[ 85nm s| oFSiiLI£|^a|5«f°t(522)§ 

c^oij, £]A|gEfl 5-3 *|- o^sji)>.^a|g«|n|( 52 2)o| ggg #a|7|B(521)o|| ^^flBim £hch 

^*o||, SaPie(521)« £ 520|| A a| oiSA^igAi, XeCI °tjA|cHeflo|7:H(531)s| B||o|^gJ(531a) K ^Al^gn 

(551 )S| «|A|iHB|H# (551 a)« ^a|^jl, ctfH=B|-^|a|SttW(522)« aSS^W*l »alAialSttW (523)# 

acf 4MI*Mlfe f a||o|xHgJ(531a)e- SAho||Lix|7|. 350mJ/cm 2 ©£ o^ = n|^a| 5*W(522) oil 2iolAHo| ^Afg°sj(531 b) 
o| 500 m x 70mm si u JHtjo| sl|£^ SA^cK 

BE., #&MEK521)s| o|£o|| u^aH al|0|xia(531a)s| ^ m^9\ sA^ej (531b)o| 90%^! o|-SLsjti>i^£|SH|-q| 
(522)a| a-E g^oll zjzf 10*1*1 all o|*| «j (531 a)o| £A[s|£a »ch 

99, ^A|cHlSHlK551a)-B 7W©ol|AH x^|g<gc*o| go S °J fiS([3ffi)gtAra(552)« §3W Bl|o|xHS(531a)£| ^ 
A^^(531b)# 3£«Wfe 5mm x 70mm £l SA>g£j(551b)o||, ohS.en|^-Ua|5ttW(522)o| 500 °C 7pg£|£^ 2Ajfic:K 

BE°h ^A|@EH 5-3*1- S-dK 

£p|£|- i>o| 3^ sai4la|S^aK523)s| ^S^JS# SEM Si TEM * A|-s*h<H ufip o|i*j , #e«°| #a|*ja|^°tol| 

5E, a^lA^ 0|§i^ §EU°| 50cm 2 /V • sec oj|AH I20cm 2 /V • sec £ S^Kn, aft »B|4la|SttW(523)S| *IS 3! «7| 
a&SISEte 1 .3X10 

12 cm- 2 eV" 1 oil AH 1.1X10 

12 cm" 2 eV" 1 £ y^^cK 

^, B||0|*|H(531a)£| SA|-A|Oi| 5ijA|CH^^(55l)0|| 9\fl "g^tJ-H^Mj, #B|^a|S«|o|-(523)o| §§ojgo| di nj S o| 

ft-yoi ol^-cH^lcK 

c^cH| , ^A|gE|| 5-3 a* SSJSMI, g°J D 4om £S°T°| £j a| , oil §o|| s|e n||E-iy , o|-^^°j 8£S*I , TFT # S 

^7|^ ^0| t>[0l ^^£1 TFT £| ?i|0|HS^(Vg)--^B^|olS#(ld) ^§1^ «K i 50o|| Lf^uJ ^o| °^a| #El|o| TFT oil 

^|o|H3^-oi| cHoi- Hsl|°]g-ffs| &£o\ ^^3f>i| 5L\o\ AHH^?i!#H-^^o| ftA^ii, E£ S^|x|S^o| 5.0V oil ah 4.2V £ 

a^S- 30| ^?J£|«I1K 

(^A|gE|| 5-5)* raised 5-5 o|| c||«foi £ 53 a £ 50o|| ccfaW ae^K 

ej^H, ^A|gEH 5-4 -^SoFtii, ^a| 7 1 ©(521)oi| ohE-SE^^alsatoi (522)M ^±x]a.\m 

^^011,^53011 u^E^uH u[s>\ ^o|, #a|7|©(521)# t^i A s| o|SA|?|gAl t XeCI «|A|o|a||0|xH(531)s| b||o|^IH 

(531a) ^ ^a|dhish (551)^1 a| a| ch g HS(551 a)# -^a|^ 5 -&\ b\ (561 )o|| °|^H #a|7|©(521 )« xH^^o||aH ?\<*mi 1 

Bj 4' «|^(523 )# g^^ciK 

^, £p| 5i|0|zHS(531a) 1! 3| a|dJH =»(551a)a| ^M^ y J s A IS E H 5-4 ^ §°J§W°J, £5!" o|E-i(561)oi| s.| #a|7|© 
(521) SxflS 450"C £ 7|-So^ S0| ^A|§EH 5-4 ^ c^cK 

^a|^eH 5-3 ^ §So^| °}CK 

A}7|fiJ ^0| t>W #a|^£|^^(523)£| aS^Jgf SEM §J TEM S Afg^Oi 1.5/zm 0|^, #E|^a|SS{ 

oil ah o | Q3/m cm ^§°JSo| -^°]£|^cK 



£E. QTfljaJi} o|#i^#2fl°| 50cm 2 /V • sec oiM 1 50cm 2 /V • sec 3. SHWjI, aft SB|^£|5^^(523)£| Xfl Si SMI 

asast 1.3x10 

12 cnrT 2 eV~ 1 oi|Ai 8.7X10 
11 cm" 2 eV _1 S ^^o^^K 

^, a«o|*16J(53la)fi| ^A^x|oj| ^|a|cH^H(551) §J «IM(561)o|| s|B 7r<g# SS^H^m), »ft S2J£|2.|SeW(523)s| ^§S3 
—I §^ 9U ttttlftl »#o| o|^o|fflcK 

5E, AJA|«EH 5-3 TFT • «g*Kn, 7i|0| £g&(Vg)-=Bl| SIS* (Id) £ 50o|| M^tf u}S} 30| *JA| 

o E H 5-4 Mc| ci^ 7i|o|H*j^oi| ch& = a(e!H#3| A}^ 0 | £|CH Ai«^g!#H^^o| gjol ^slslsa^. 

BE, #a|7|B(521)s| 0^7^13 ggefof £JgoV #E|7|EK521)£| S5E» 300*0 o|#©£ 7tB«he 

^^o)x|x|e} f 600'c o|#©s sl|3 #a|7|e(52l)o|| ffl«o| 4974 TFTS^i ^°| x||s^o| sefflSch 

(4J^I«EH 5-6)S ttBfil A|a|«e|| 5-6 oil ch«W £ 54 a £ 50<>!| tcfaf^ ^getc}. 

fl*!, 4Ja|«e|| 5-4 SF**!*MI »aplB(521)o|| o^s5i^a|s«|o| (522)# f^oKH ftcK 

^Soll, £ 5401I u^EhtH bj-fi). ao| #Ep|e(521)« SHfrS. A s| o|*A|7| B *1 , KrF °4 a|cHb||o|xH571)s| ai|o|x)a<571a) 

oi Qi|A|tHHH (551 )a| oijA|cH|y = £H551a)§ 5Af§fe #A|oi|, e|B| (561)o|| o| §N #a|7|^(521)# ^a^oi|AH 7 r HoK)i 
m«|d|(523)# S^ftcK 

o^H, 4| A|a'EH 5-5 s>r uljiWfl, ^ 4PI ^|A|cHl§Ha-(55la)o| #apie(521 )fi| uts *|oi|Ai 349^ EWe(572)« 

3EAjs|fe § §y XeCt «|A|DlB||o|x-i(531) «d KrF <*] A|D^|o|xi (571)7 r A^SIS, b|| 0|X) (571 a)S W4jSI|« ^A^(572) 

EE, a|A|cHH=iH551a)e- B||o|*|SJ(571a)Sl SAiges|(571b)« Stfofe 5mm x 100mm 2| SA^°=j(551b)ol| =EAfgch H 
7hSS2j ^A|oJ.EK 5-5 fif ^^o|-cf. 

Ai-7| HfS-^EH^ ^A r Er(572)^ 280nm Md r X*g-S| BM*l-te tj-ffl, 280nm Md r ZJ S r &°-I g# ^a|^|^. ^o| Af§£! 

ZlEHAi, KrF y\ ygo|| A|.*S|fe KrF S|A|EHB||o|*|(571)fi| B||0|7HH(571a)(^So| 248nm)-B UrS^^i^ B.^W(572)o|| «[A*s|Ol. 
o r 2. = J£l^a!sets|(522)ol| 7Ha| ^^|o M £A f£|^ ^A|oj|, ?\^o\\M x\s\^ ^ A|ni^ H ^ {551 h^eh^ 

EK572)# ^^fe r 0i o r S. = 2|^a| S ^5L[ (522)011 7HS| x^i-S ^AfsjcK 

be oh, ^a|§eh 5-3 n\ %<£-s\n ftClK 

^o| Bllo|xiH(57la) S ^A|cH^H^(55la)o| o r s^^iJal5^s| (522)oj| ^a^|cH Sah^i 

(523)S| ^S^jg, STilSJil- 0|^S. S 4|a|«e|| 5-5 &r 1 .5/m , 150cm 

2 /V • sec §J 8.7X10 

1l cnrT 2 eV" 1 *a|^a|5^at(523)a| ^ S^oi| 5ioiAio| asSSoiq S^ls^r o|^£o! ^^^^ §hS ^H, #b|aj E | 

5^d|(523)°| £j°joj| gxiAi 7-1 2.| ^AH 0 | SCHS^K 

E£, s A l o E l 5-3 #S^r^i, TFT * S^oj-H, 7j|0| HSSKVg)-H£^| °!S^(ld)^^g ^^0} £ 5 00j| ^E rt H ^o| , aja| 
S £ H 5-5 ^ #^0} ^ah 0 | ^cHScf. 

3£|2, H^vxjEH^ g>A^(572)o|| B^o|xi«J n|.^oi| cc r # tJ^^I #M • ^7|fi r ^o| KrF «| a|ch a||o|x|(571 )# M 

^Ij-H^Mi §0|^7i| V ^ 5i^|°r, Ql^oil ahS£|x| XeBr, KrCI, ArF, ArCI §f MStl E^r^l o|*I# Af§uH£ £jcK 

( s A I o E H 5-7)» WBS| ^a|§e|) 5-7 oil qjol-oi £ 54 5! £ 56 » £ 50o]| ctfafA-1 B©ch 

0| e A I S E H 5-7 o]| SiCHAH^, AjA|gEH 5-6 oil b|^0i on A|cHBg H ^( 551a )o| SA^Q^( 551b )o| 5mm X 70mm °_| °J^o| oh 
= (551)(H| ojoj- o|-asji 1 > 1 Aj £ |sa|oK522)S| 7 r ^^JE# 04^7^15. ^§ofJl §0| c^Jl, ZL S|9-| 7^^ 4' 
A|«EH 5-6 ^ §?J3rCK 

^, £ 54CH| ?iaiA-jo| qiiA|cH|y^^(55 1a )o| S a^^# ^S^H, O^^Jt]^^E|^ ^°j(522)^l 7|^g£I ^^Oi|Ai 1200'C 7^ 
x|o| ^o|o| |Ai 04ai7Ws ^ s ^ f oi sa|4is|aetat(523)fi ^^o}32, »a| 4! EJS ^(523)^1 SS^JS SJ STjl^Jif o|^£# ^§ 



#£|^£|^yj°|(523)^l £. 550|| ujE^uH ^>o|, OfH e.IZl E| a ^{522)-g ^ 300 "C 0|^o M y[^t[^ ZL ?\% 

§ioi| ixfBM ^XIIH, 1000°C a| §^oj| £|q| 5/an 0|^0| g ch 1000°Q # f?-£|7|»(521 )S| SSO| ajifi §^3|-0i ggg 

soi »«hsi°s assise sj-ofsck 

BE, #a|^a|?«^(523)^i STflJ&^f 0|#£^, £ 560{| L-l-efL-H b^Sj- <*a| o|-a.sjij : A : ^a|so|D|(522)# ^ 300*0 0|aj©^ 
7l«SfS a 7f<g££0|| a^Ai 1000°C £| g^cHI 450cm 2 /V- sec £ l-Ajoil, 1000°C S y£S *M*!^k 

^, B||o|*IB(57la)s| ^Mo\\ ci^oi ^|&H(561 )oii °m ^5.|7|5K521)# SA|on, Qi|A|cHy = §(551 a)s| 3=a^| °|SH o|-s 

siq^Ai £ |gHi-D|(522)s 600 °C - 1100°C £| g^|ol|Ai ?\^S£.S.M\ t = °l ga| aj 2.| s «|at(523)£| SS^'S^i «M Si &tSS| §= 

££, av 7 | CElfjBl SHW(523)0|| c||*K* ^a|^eH 5-3 3f §fl*pfl TFT # 7«0| H S^(Vg)-HB^| £]g#(ld) 

U K oflS oFS.sjEj>.^a|g«i-q|(522)S| 7[^S£ ? [ 600 °C °J 3^s| ol|# £E 50011 l|eKJ! ^o|, ±jA|fd£U 5-5, 5-6 
TFT ^^o| SCHICK 

( s A l S E H 5-8)S aaal ^JaI^eH 5-8 oil cHoM £ 57, £ 58 ^ £ 50CHI cc|-a|-A-J Sech 

o| 4Ja|«e|| 5-8 o|| 9lo\M = , a^i ^A|gEH 5-7 oil a|^oi ^a|e>1|§ = (551) q|Aj l^^-g^fe xe #^1^(581)71- Afg 
So| cf^.c|-. 

Sc|. Aj-AllWHIfe, £ 57011 LfEftS u[S( &o| aja|«eh 5-7 ^SttthKrF ^|A|Dj sfl o|x| (571 )s| aflo|x|g](571a)-B c4h<eLI^^E| 
5*W(522)o|| SioiAHoj ^A^^(571b)0| 500 m x 200mm 0| aH£g£ S £|£S ^°fiz|-. 

&9, Xe #BHA|B SH ( 581 )oi|Ai ^HAj-^ 7W§o|H a}S>|§S °| Xe ftEH a|H = §(581 a)€r t Bflo|*]B](571a)s| 5A[o o ^ 
(571 b)# Sl^fe 5mm X 200mm a| SA*go<(581 b)o|| oFS.=.3t| ^ a| § ^(522)0| 1000'C 7^£j.£J| SEA^cK EE, 

0| Xe MEHA|m =§(581a)^ JE 580|| LfEftjj u[sl\ ^>o|, Bllo|x-i«j (571a)s| SA^^ § 7 |^ci, ZL ^A^r^°| g*oi| g*] 
S^^A-j sa^cK £E, eljo|xHHj(571a)^l 5A[§a^ zl ^a^7|°| 2/3 o|S|-o| ^^o| 5SA^^K 

a^7| 0|S|S| ?[<£ZZ?J ^A|S4eH 5-7 3f m<MoW. 

#7\s>\ ^o| ol-oi ^ah£| #a|^a|SH|D|(523)s| §J S^ls^ o|#£^ zjzj ^a|§4e|) 5 _ 7 oj| oicHAi o^s.2|^e|sh| 

^(522)# 1000°C^ 7WS 3 7H°| ^^o^X|d}, ^a|«e|| 5-7 Ofl SiOjAi^ *a|7|©(521)0|| c^a| yj^o| ^ ^o|| 
oi S ^A|gE|j 5-8 oi|A^ aj^-B ^7|a| ^21, sc|- ^oW| sj^of «}je*1|S|^# §^ofe 5 #o| golsH^cK 

Xe #£Ha|^ =(581)^| 7^^|#o| ^21, sj-tfoi! 7|-<g^ ^ ^J^i So|of7fl ^a|^ - oicj. 

4!A|^EH 5-3 ^ §^oW| TFT # Si^U, 7i|0|^Ajof (Vg)-H&i|°]S^(ld) ^S°J «K £ 50 oil ^EfuH u^f ^o| ^A| 

«£H 5-7 fief Ci^ ofltt TFT m*0\ gOiSch. 

( s a | § e|) 5-9)^ USfil 6|A|gEH 5-9 oil ««KN s 59 31 5. 50o\\ o|-a|-AH tfBtJ^. 

Ol ^Alf^EH 5-9 oil SiOiA-^, £ 590i| ^EJtH bffi[ ^o| ^a|§eH 5-8 ^ KrF «| a|CH E^0|xH (571 )o\\ A^ ^H^lfe- E-|| 0 1 7^ 

(571a)o| n^AjEijAH u}A^(572)o|| H|eH ^a^cH, c^S.s^aje|s a|°|(522)ol| 5icHAHo| 500/OT x 2 00mm S£S| u JHgB| 2 
A^S^(571b)ol| iA^|^ ^Aioll, YAG B^|o|Aioi|AH «^HS El|0|Ai«!# KTP A^^I-04 1/2 n|.§-o^ YAG B^|o|xi§- 

*|(591)S^S| ^|0|*lS(591a)o| *}M&(592)o\\ ^A^oi, 0^^.^ ±& E|s ^ {522)o\\ 5tlO\Ms\ 5mm x 200mm ^| 3£ 
Af^^(59lb)oi| 5£Af£jcK 

^7|S|- 5>o|, iiFS-ajehah HUfB(572) H ^A^(592)o|| o|^y b||o|7HU (571 a) SJ s«o|x-J«J(591a)-E o^^ci^^ E|^«f°|(522)oi| 

£E. B«o|^H(571a) S B^|o|A-lH J (591a)^l £^EK>|°J §y Bj|0|xigj (571a)s| ^A^|LiA| °i «|b](561 )o|| s|oh ^a|7|ff 

(521)s| ym^E. ^A|gEH 5-8 #^oFcK 

YAG Bflo|xi^*|(591)a| £^|0|xi«)(591a)o|| 9.\*} o\S.E,Si\^B\^U\°i (522)^1 ?\^^5.m ^^°\\M 1200 B C £| ^?|o^|A^ oj 
2i7^|^ ^SSfOi #El4»B|g«j-°}(523)« ISop, ^' S^ils^ 0|1-£1- a I- o^as|^Aj a | aafqH522)s| 7^ 

^-£7^ 11001C £| §^oi|^, z|z| 2|cHo| 5 5/fln 01 600cm 

2 / V • sec S £|HcK 

^, YAG B1|0|X]#*|(591)S oi|ap^oi| o|^ H a^^o^^ s^^ai E |a ^^(522)^ H|Jn^ 2^2^ 7^bHS ^E|7|^ 



(521)01 H«s|>m §§^ioi ffB|4ia|Stt[Bt(523)o|| «£go|.£*f£|x| «|a|«e|| 5-7o||Ai «!A|cHISH(551 )oi| £|«R o^s 
i^^alS^(522)# S*Mc|- ci^ <yj> oh gg^ai #a|^a|S^(523)o| goiach 

Eh, o^si*i^a|5^°t(522)# 1200 TO 7?W 7^0} §^oj|^ SSgjg a! H*fl:fta|- o|^^ *Ws|ach 

o| as YAG all o|7HS-*| (591)011 °|*} oi|-b|7}SA|o|| o|a| □|^S^£|5o| SgsilL, o|^o| KrF ^A|DfB||o|x-|(571)o|| 
oil ^JL SPI nHeo|cK 

£E, ^A|gEj| 5-3 ^ TFT • S^^FH ?i|o|E*jo|. (Vg)- = Blle!S* (Id) 3||*e ^ je 50oil t-[BM 5>0|- 4|a| 

8 EH 5-8 £c|- Ci^ °^oh TFT gOiSQK 

nam, oi|ap^Sa| B||o|*lS*|£A-|fc #?\s>\ ^o| YAG b||o|^S-*|(591)o|| ©gs|x| ^2, o||« XeCI 3|a.|eHe||o|x| so| 1 
^B||0|*|# A^BHS. KrF «|A|cHB||0|x|(57l)Sf sfS0|tt| BE°j- 7h±:£| £ffl-a| #o||.S|s|| KrF ^A|DiE^|0|7?| (571)Mch2HB^ 
^S, Efi oi|# #3 E 580 || u(-E|-tH Efolgo^ ^Af^a fia^fr goiSch aft, Ar b||o|x] §o| ^*|o| siloing- 

^7| Z| 4iA|SEHO|| 5iCHAi^ eh£*||£A| 4|£|S(SI)« A«B-"0|* ^E^IS}, 0|^0|| oj. S£ |x| S& Ofl# 71| BQffe 

(Ge)om ^Sul^(GaAs) ||[ - v ^ , oteijd|B!(ZnSe) #s| II -Vl^ "hEx-il a^«H£ ?WS£ #s| 52§ y-H 

a| SfflSM SMEh §as sup)- a CHS cite as mzlslll 81 £Eth AI&ISB±:'(SiCM ^15*1 ^afefSiGe) a««hje . 

JEE, o^en|^a|5steK522)o||a| Bflo|x-|gj(53la)a| ^a[ ^ *a|7|ff (521 moll ai o^-M, o|-s.=Ei ^4|a|5^at(522)^ S! 

*a|7|5 (521)^S| ^0||Ai ^££ S||£ gcK 

SE. *a|7|B(521) *|g »s| §s| 7|»# Afa^q, 7|ffl- aflofl S°^o| ggg a|- 

SE, B||0|xia(532a) ^S ofS.HJt|>iAj£|SH|D t (522)£| £§ g^o|| cH^oj 2A^|-x| gpl. ^ ~ TFT ^£jO| I£ 

» 9^ oil cHBHA-jo} 5A[5[2, c» s^oji qjefjA-l^ #e«£|- #^oW| §§tf§f flfcl- £^|o|xi«j(531a) g£*« 2EA}skes ^fji g 

(^A|gE|| 6-l)C^, y£xHXfSA-i£| ^^|HSHX|^Ei7^SSA|X|-^|oi| §£| ^ ofl* ^ 9 oh^. 

5!|E|MDH^q^8S| °H§SA|§-*|0|| SiOlAi^, ShySAlgQEjOil ^ E BJj X|^E-|^. S A|^o| ^i^o)-7| ^|§H E 

H|HX|^E^ #&AH 0 j SSSHS^K 

ZlBm, -^AHo| ^^AHJL^ SB^0| ^Bj3^ ^S § § ^ & a g0 | 5i^o]|£ S^^ZI «o|s^| sM. 

H2HAH, S ^AjgEHoii 5Uo)AHfe ( 7|©^o|| eFH*l|et{ti|Sa ^&I€S)^I a^ojc|. a||o|x|o| 3EA|-«vg# = 

7 | B o| XjD_4 cr - S^SA|o|O^D^oi| qjul-Oi XH| 1 E^OlXi^^A^ *, g o,| q AV 7 | XiM ^| 0 |X)^Af 

^S CH|LiX|^i^. 7H| 2 S||0|X-l5f3£Af# o\H 5i^K 

Bl|o|xi<Hys-*| Si Efloi^cny yaoil &^3(-°jAi ?-*l|s|os ^S°|cK 

0| 4 { A|^EHCH|Ai Af#H|-^ E^|0|XiCHy&x|^ 7|S*jH^ ^7| £ 90|| Ai LfE^J ^£f]o| ^x| 2^-^ AH ^ 7 ^ Af-g*^ ^ 

i 9CHi ^JCHAi, 151 -s. E^0|XH^S7|, 152 ^ U J43, 153 S 154 ^ %\ 155 ^ ^a|^§0| g ahs| 7|B, 156 

S ^E||o|x| f 157 S >H|cHS*l# SicK 

nsu, ^ai^S^i B^|o|xio|yA|o]|^ Eflo|x|«fS7|(i5i)oi|AH tfgfi- b||o|x-|9« (152)011 ^isH Stt*hS*|(i53)o|| 

o\mx\y\ §§g B^|o|x-|HjS ^(154)§ *fa|-MM|s| ^Ej|o|x|(i56)oj| ZIS^ 7|&(155)o|| 

Ef, ^101^1(157)-^ 7|fi.Kl55)0|| SiCHAio] >.go| g^Df^ oh§^0f E^|0|X-)^# ^Af^ - oj- gAlofl, ^ g^O{|Ai ^A^7j0| 

^7| B||0|x|o)y§*|* A^3(-0i ojx-l 28141-5*1(153)* #ofOi H^a«^0| >dS(^B)(oi|# ^0| 300^m, : ao|7^ 10cm)^ 
S Sl^S B||0|x^S o||Lix|^i7F 280mJ/cm 2 7^ 7|^(155)# 0|^|-gAi ^A[^^ # « «?ho^ A-|^'^^|^Ai 7|p 



(155)S| SfiO|| 24^r *\\ 1 B||0|XiBSAH »cK*j«s| b||o|x|s# M^t} 



aa|2, o| Ei|o|7Hgo| £ 60 ol| u^lh ^^S^IS^(155a)oi|°_l- q|SKH gsH.E S^h cfgoil, ^cf ^-s. 4 00mJ/cm 

2 o| ol|LiX|^i^ ^£|^i=L S^(155b).(155c)0|| B|0|X{»ft 2A^fc xg 2 B|0|X|9£At* »CK*j«S| B«0|*|*fg Aj*ft ~ 
A^4). 

0i7|Ai, £p| 7|eh(155)°S.Ai-^ oil* ma #&PIB^o|| CVD cH| °|*H 500a a| avails. b|SS ft|2.|58* 

450"CO]|A) 1A|^o| ^^E|# e- a««fhcK 

£, Bflo|x|Se oil # 25ns S| ^^HS 300Hz S| °Je^^ ^Jt^ £j# >4#-^2L, 7|EK155)# ^S^l 0|^a[7|^ 
att, *il 2 B||o|xiS2AH)||-Hfe £ 61o|| ljekji ao|, =&Afgsj 0 | 30/zm *)£ g *| £ s( S tHH «o| 10%) ^Af^gcK 

0| afl0|XH»0| g^Ai 5AfS ZL^X| gjrs. g^o||Ai 0|§£ §£>| ^gofl #^^0| «7|X|^, Ap| JEEO|| Uf 

uis} 5>o| TFT(61) oj^£|x| g^s «£SKH, §2^ a*«*FS TFT g^U 

* «MI *fe go| So|«HSc:K 

SE, x-]| 2 ^|0|xiS3SA^iAi-^ Ajg g] 7|e(l55)S| ^oii ot(£ 60^1 ^SSlS-?- S^(155b),(1 55c)M|oi| £JAjo 

3. UfEKH^ «^)o S ^Oi, 2+ SOU ^^joj ygo^ ^Af§ra SAhOfl l£o[ A|e># ^| » ^ Si^. 

o|# *|«|A-ifc. 7|EK155)0| mSs^ o.- ^e||o|x|# 90 e 2|3A|^Ai a|o|x|2At* *}g &4(a||o|x-|9fi| a 90°5| 

£p| XH| 1 B«||o|xiS3SA^| o|sH, £hfeJfiA| g q (1 55a)o|| SS§yx|^ W5E*l|eW«s| ^<^ah 0 | #x|e|£^ 1§^;(- gu||x|^ 
*ll 2 B||0|X1S3EAW| o|§H ^SflS^- g^(155b),(155c)cH|A)^ 3*IA34 o|#£# ^ aich 

^, S ^gX^0| ^#o| ^A^THO^ &||0|Xig ^A[f oh 300mJ/cm 2 0\#2] 0\\L-\X\^±g_ ^SAW ^J, Zf ^A^iA-io| 
3&A^Q^o| o^Jfi -^-fi-OflAH QTllS. 0|§£°| M^^O| SMB*P| 4|g ^0| &g^oH C K 

zihH a-) t ^o| c^as^Blsoj s^o|| 5ia)Aio| fl uf) o | ^^A^ 0 | S^j£A|g « (1 55a)cHI SicHAi^ 300mJ/cm 2 Mc[ 

Ol|LiX|^i^ £^|0|X-iS# S-S, ^M 5 A|go^ MC |- °j^0| ^JL, ^-E S7i|S^ 0|#i #°| ^^|0| ?^S|S. 

^ S^(155b),(155c)o« 5ioiA-|-^ 300mJ/cm 2 Mc(- ^-E- o||Llx|S£m B^|0|xig# 5Affo^ ) °| ^^°| ^^^^ f,^# 
a|?|x| afoFH «^HA|ao((i55a)af ^^s|^^ S^(155b),(155c)cH|Ai zf^s| o. ?0| | o>- m^ 0 | Ais ^SS^Ja|5# S 

(4!A|SEH 6-2)^^^x|^EH7f 5« S SA| g.*|o|| siSHl^- ^# 0^|# ^gohc^ 

0| OjlOilAife, X\\ 1 £^|0|X^3&A^AjOl|-^ fflEiSS^Ol Al-71 ^A|§E|| 6~1 *\ f°Jo[?|| Aj g oj ^ o|| cfl^oi, XH| 2 £^|0|X-l^A^A|CH|^ 

0| ^AlgEHcHlAi A|-g£|^ B||0|x|oiyS-*|fe f 5E 9S| »*|fi|- b|jH©W £ 62a, £ 62bcH| qEfuj H|-af ao|, S^^|-S-*l(153) ^3 
^|0|x-j^o| yjc^^Mf Aj|jo m §§§fe 2iJ£|-Sx|(A621)S>h 2|§(oi|# #S 1cm S^ofe 3S^&*i(B622)« ^ 

y|o^ZL So| cfecKn&l £ 9^ ^aho^chi cH^HAi^ #c*|ah ^°|# ^^tj-^). 

a}7| B^o|xioiy§*|# ol-g^oi, ejx-l s. 62a o|| L^tH ^o|, 2^2^*|(A621 )# »SFo=| 7|CKl55)a| S^iEA| 
§^{155a)oj|°| q^oi, ^ g^o| ^x|£|^ oi|ujx|°"£ 280mJ/cm 2 ofl Ai Ajgo] Ej|o|x-j^cH| °|*H £^|o|xioiy# ohcK^S^I b]|o| 

X1SS AfSft ^AJ3EA». 

n ^o|| , £ 62b o|| ujEjy b^gol asl«»*|(B622)» o|*»KH , £ 63 oj ?>o| , ?§S|S^ a^(155b),(155c)s| 

z| sAhgQ4( 631 ) f ( 6 32)o|| cH^Foi oi|LiA|^£7M00mJ/cm 2 o||Ai EHl0|xjg# ^Af^cK^^I £^|o|x-i^# A^*h ^A^ 

M). 

^0|, X« 2 Bl|0|Aig^A^A|o| ^|0|X^# Zjgo^ ^ S^Oi|-^, ^A|^E|| 6 -1 *l ^0| 7|£h(l55)# 90° si3A|^|X| °>J1 

g^dssb) ,(i55c)si B^ioixioiy* m *r 9i^\. 

CCfaW, ^A|gEH 6-1 n #^oMI S^^f S^CHlAi ^# 7|-S C|-2§^a|3g - ol- |A|oi|, ^ 

( A l o E H 6-3)^71 ^'A|gEH 6-2 oj| 5ioiA-(oj xi , 2 £^0|X-Jg^AH- ^^2| S^K 



■t » 



^, A|a|«e|| 6-2 S\ §i|Spf| *<l 2 B||0|7HS2^A|o|| 7|B(155)» 0|#A|?|x| J£ L-^uH b^2f 1>0| g<* 

(155b),(155c)o|| <&o\M2\ a«o|xi«Jsyo S mggj. z| SAfg<*j( 631 ) I (632)n^ &i|o|x-]go| ^a^^# H*jt\Oi §x|(j§p 

±)3.M* ^ £|n t z| 3£A^^(631) f (632)S ofl* #g Bi|o|x^o| 1cm £| ^i°J 3Jo|| 30 ^ ^ 

H, B||0|X-|90| 2A[£|0) o[X| S^Ojl 5UOjA-)o| Xj^mf 0|*-£# qf^^o^ fe7) | £ # §0|§f7l| w ^ ol- s 

A|0i|, S^L})Oi|Aio| gflg^ §^A|S ^ SiCK 

OplA-j, #7|S|- ^0| ^|0|X)^o| 0{|LiX|°»i7f *« S^Ojj-^ B||0|X|gO| g*jAH ZL^Xj <gc*oj|A-j 0|#£ go| 

^^CHI #S^0| ^7|x|D| t g 55b), (155c)o]|A-i^ £^SA| g« (1 55a )ii|. ^g. *jg<*|ol| g*l = 

a| gfcK 

^, a^|o|x-)^Eo| ojg«(^|o|xia g)oj| e>£*«e{-°to| n||E!(TFT 2HB)o| ?-#£|S.# S^oHsj, ^S^^-s U ||AjB|]g 

^cH| a^skes gcK ^, ^^oi- ^ah # TFT a| g-oi| Afrg^g gch 

S"^ 3*1*1 2Als|fc >4§^x| gfe S^oli5E a b 1 51*1 st©o£, S^(155b) f (155c)S| A^ 

nc:l-x| x-i^x] gfech se, a«o|x|go| SAfe z| SA^«|(631) i {632)dW 4^fi|(o|* #°4 30£| g)«»S.SAH »» *T ' 

op|A-j, §x|^a^ 5i^£h 3013 crag-Maisai o|S£fi*s| £F?fl-i- £ 64o|| me^ck &7| £Sch|ah g^g. u^h ^o|, £flo|x)o| 
^A^^oll^. w§s ^xK^ZL, o| HASP ^A[^y[ s^uf ^oKE o|§^^ £hfc*hch 

Sx|^a^| onujx|°!£* 400mJ/cm 2 S & 3 °cH|^ iAf^^^ 50 st o|^ f b^*l°Pflfe 805|oj|AH 400^1^ 3*lfia|- o|-§- 

^hss A^sfe g-^Bfs zts.s-i a ^ acj.s|xiBi ^a| goiacK- 

(4|A|«EH 6-4)B\\0\X\&9\ 5Af^§Aj7| ei A i S E H 6-1 - 6~3 3f »0| S^ S A|g^ (1 55aW a^(155b).(155c)0| 
c ^^l &^Slo| o[l|2, cm K-E- S^£l uf-oj c^Til o|-£s ^ g l(] oj| a-) mAHo| c|-§-§^a|s- s §AH 

^, ^A|SEH 6-3 Oil AH o | 2 Bj|0|X^SAhA|Oi| S ^ (1 55b),(l 55c)0]| 5iCHAHo| HHx|U^ A|HHSflX|^Ei°| e 

&±±£\no\^7[ m&SL\^ o4^^ o|#£7H|fl^°S £^ o||U|x|a£(o(|# §°J 400mJ/cm 2 )S 5A[§[2 cfB in 

330mJ/cm 2 §£S 5A^f£f ^ £ sjq^ 

5A[52S| xfOj^.AH^ 3£A|-§I^S C|-e7|| ^ ^o_g_ £ -^^o[ s^7|- ^0|^lcK 

(^aiseh 6-5)Bj|o|x)cHy§-x|o| c-m ^-E oj|# iiascf, 

0| BllOlXlOiyS-Slfe, £ go| g *|o|| b|^0i J£ 65o|| b ^ ^0| ^(154)^ ^E||0|X|(156)2^| A^0|0]| SflO|X^o| ^.n^o| 

^ZiS-g. Dh# □^H^-XH(641)# ^bl^JL ^i-^ §0| cl-scK 

a^i D^a^xH(641)^ £ 66og L.fB|-uH bf£|. ^o|, 7|&(155)S| ^JEA|«fi((i55a)o|| ^IS^(641a)^ g 

^(155b),(155c)cHI ^S^(641b)0| 8g£|Oj t>-«£|<H 

^|54o^- | oils #S ^SBofl «^^o^ ND SEH q gs| g*fe|D| 3^0^ a^ 0 |x^o| 

^ § 3h0i S^^0f|Ar|o| BilOl^SSAj 0||LiX|^£# X^ A |*j ^ SiCK 

^7|£|- alloixioiyg-xi-i- 0|§^o^ M)i Ajgoa. §gg a^|o|x^# 7|ffl- gojoil 2£A^7| JjHsH □!• 

^3-^xH(641) §J ^^|0|x| (156)» *S|0M| §a|o]| 7|g SS§ o||b|x|a£ 400mJ/cm 2 S 5A^S, S^ S A|g^( 155a ) 
oil Pi^Ai^ Ap| AjA|gEH 6-1 ^SofTil 280mJ/cm 2 s| oi|Lix|°iE^ Bi|o|x|o|y»^ gicK- 

^, s^^ai- ^^si^^oiiA-i ^AH 0 | ys*i|°|g #a|o|| §ah^- 7^eH^cf. 

ZiaiZL, □^H^XH(641)^ £ 65CHI L-hEhtH ti[9\ ^o| S"(154)om 7|& (155)^S| A^0|# ^Jl uH*|ofe ^0|| ^§^Fx| o; 2 
(155)011 H*rA|ao £ ^| B|| 0 |x| 9 2^ «|[«f tf^A^pHu^ 0^3^(641 )Sh S(154)#*M«|S«I5££|j1 SE ^ 

*fs*Ki53)Mioy 4a*i«h7jL.j Biioixi9 as* aA|A|7|xi eas^i so« °ish ^ioix^a^# asw^i-fe ^# m&w 



( = A| - E[ l 6-6)^ S A|g^oi| ^oiAioj ^^ah # c-j- t,bA}A|^ - oi^. a|| 0 |xi o\ y »*| o| oil-S -ys^l-cK 

o| Ei|o|xio|y^x|^ £ 67oj| me^uh bf£F e0 | 7|BK155)S| fl^oB fflxhs B^|o|x-]a# 4J&A|^lfe »^XK651)7|- <a*|s| 



0|^M), B|0|Zia«^o £ SlS(iHW) o\*\<H Slf Xi^jl. E£ 7|nh( 155 )o^«E^o| «U^O| £i|0|Xl^x]7| 
Oi| sfl^o^ BflO|X-)S^S^S^7|| £|- ^ S SicL 

EE, JE 680i| LfEfuJ ao| tfSfl g^(652a)4 o^ElS ^4£^(652b)# £>*f:£XK652)S >4 

§*W yjEx-ilSoil SioU-|o| ^iJahs. 7S*|fc ge^, £^ #a|oB gg« ^ oHi gcj. 

nam, £p| z| ^a|§eh^ zjzj ^ 7 |£J ^-B s4S ^ 81*1 Eh ^*o| si£4*l gfe © z| 4M§eH4 ZEt^foi *W 



& i^-B 0|Af ^g^h d^f ^S. g E ||S gA|£| ji f c|.go|| 7|xHS 141 ?|-£!4. 

«■ ^goi| a| ^a, BBjxj^£j f *i|*^>|-7| M4 ojg# c|-a§^E.|^M|o|o^ g ^ o i j L) g Til 0|-g 

sic*. 

EE, S^4^.£>H S4t?:£°{| £h±# §7^ AKS*hfc ^d^m, 4#4 S|f4 *iSh£|- §5^4 M^Wr tt 

5ioi S4 °J§g hihxI^eh^ 7te*HScK 5E, aS93omaggffl^x||o| 7fe°H*l£r *a|o|| 2Sg#4 4§°il & 

££, S WBo|| o|^ s 3§«|o| ^^^o]| e^IS-E ^HHoll H|o|-oi «|afx|^ gggg-o| #2J)0|| b|^0| «#EL| «*H*I.£. 

BE, UlEiaSS «£*BS4 xH^g^Oil :£r^g^4 = Bfl°]gS!4 gfg£S *i|Oiofc 23g9&&SI|0|3 

XK>* S^slHS, o| ^otcHi SicHA-|o| SS°J7iiaE7F sfg §§i *i4HSHx|>^7h ^oixjizi, o|4 ^-B 1§S "I^hsh^I^N-^ 

BE, ^inH!d# ^ ^^o]| °|^H, 2S^I^4 §£°| ES^h^., o|4 ^-e 

oil s^l-S 4# sl^oii ^ggf o^n, 7|ffAko| = s ^oiiel- o|^n ^-B S^ls4 o|^£# 7^|^ Ig^g^f 

& ^ 2i4. 

ixfBW, oii# #S t^EL^I^M^ o|M4 ^^JuhchI ah ^«JjyH o|SE7|- S^4-^ ^F-g-^-t ^?\&&o\\ <U%m°^ 

EE , CPU 7I&AV01I S^^H^ §AH^fe ^di 7F^HX|°M, g^S oj S| ^ Zl^fe, 2LS3i£H| AM-LCD 

^ISS- ^oj- ^oi^lcK 

EE, S^x-i| yE*i|°t£| #^#0| 4# 5|^o|-2##£| Oi|LiX|S« 5AfSo IM)i *}±x{\^0\ 3 ^-^i^tfoil §xi 7^£|-^ 

ziBi°^., SS^!&o| ^^4CH y|Jn^ ^ SS°J^7^ S^^- s.A|oi|, SSatfol a±£|2 *j7|*j -^^ 0 | c j. - 

E£°^, 3|E^ ^# A^Sfe g^0i| b|^0i ^A|7>0i| 7|&# 7^1f ^ ^Jt^# l> fc ^ia ^E SICK 

EE, 7|&°juH0i| yE*fl°|o| ^^o| g«4 ^^o| ^<^^ 0 | fe^ gojO| 4# 7^ ^^^1 §^o^ 0 1 7|-^3 

□1, 0|SM) oij# ftS ^-^sl^-i- lH^sv QH §i u|yg h|o| egx|^E|ol3||0|o|| SiCHA^ £|^^o]| S£^ fe o jlahjij. 4^«oi| 



7|&&0|| Xi| 1 WS£§§ 7W-b n 1 a°^^2h Xfl 1 Xfl 2gg£S§ 7W^, ^ajoj g^o)| AjBj^og 

n 2 %°Jitm -gS^h n 1 S! xfl 2 ^<2_^avo|| u|(?£)Etag b^iajofo ^gs^ g§^,-y7| h| 

flhSWI ?ioHAH, 7|^^o|| xi| 1 §£ejs. «§2 *o)|, 4^7| xfl 2 HS^il #A|ofl, *p| xfl 2£3£E§# £P| xfl 1 

S£# y?fl gSSKr 2# ¥J£S ©Ur g}5E*!l n|e|2| xflstfti. 

xi|21fo)| Si°W, £p| xi| 1 S'S^oi aUffl^&Sah a^stfl^fiSgsi <>1^ *WS-o|^o)x|a,^7| x|| 2 S^a|o| >4Sf 
o|^cHx|fe'2j# u>£*)|e|a|o| xfl^S. 

710-^0)1 Xfl 1 g2£f§ 7|X|^ THl 1 §°dSJ3^, Ap| X)| 1 g2E§2| ^# 7H| 2SS£## 7fX|ttj, ^5jo| g°*o)| AjBjsjo^ 
xfl 2 S^stS 58*K &7| xfl 1 «get 5! xfl 2 §ge^o)| b|(|^)yg § e>£*||ttW# 3S«H=- a\ 

EhSS ete*«Wo« o||L.ix|gj# 2Ah*KH 33 SSaK^I ttHJHI afaw 5UcH*|a| ^7| x|| 1 gaa^ # 

7| X1| 2 S^gal ^S£#0| fes =o|| c||g*fe g«§ 4§sK>| eh£x|^Xh# S^oh^ 7[X|^ 2# sgo S y 

£*H|^x|-o| x)|2^S. 

x)|4tM>i| SJc^Ai, -y 7 | g§^§sf sj-aj-oil 2iCHAi°| -y7| xfl 1 ggst^ ^7| x|| 2 S^at^al "i3£#o| us ?*ofl cng*fe 
S^S xH|7H«m, g^f a>S*KH y£*||^x|-# fj3*hfe £!■§■ ^§££ sfe y£*l|^x|-°| xn^^a. 

xHUSJ-oll SJcHAi, 4h7| 7|B^o|| xh| 1 g°l°|§ *o||, ^7| xf| 2 ggaiS *!i§°h-& -g->-|o||. Ap| x|| 2 S3£ft 37 1 xfl 1 

XHI6IKHI sicHAi, -y 7 | xi| 1 g^sjoi wjflis(8|t2( aaH3SK*:£tt»*5s| cHJ= «W£ o|#-cHx|2>,37| x)| 2 3£&to| a^ 
0|^.CHX|^ *§2S ghE*l|:£X|-°| xflsEg-S. 

x||4lfcH| SJcHAi, Ak 7 | x|| 2 finals ^saho|=S^o S nj|EHya gqo|| ajeh^o^ ^^sfe ^# ^§2£ gf£xl|afa|°| 
Xi|3£l^a. 

xil81hcH| SicHAi, A^ 7 | oi|Mx|Hjo| 5A|f a^| x|| 2 S^etai ^HBMHg&nHfjoil <;no]Ms] zio\<g&°g. 

*A|oH,^ 7 | ^A^^OI 7H°| <2}%12\ Q*\t>\E.m 4}7| y£*«^X|-0| SAHg Sfe 7J£ Sgog b|£*||^:X^| 

xHls^a. 

7\B ^=K^7| ?\&#o\\ *jS£|cH, xi| 1 gg£ft 7hx|^- x)| 1 §y ^7| xi| 1 SS£S2| ^# x|| 2 «5j£#-g 7hx|o^, « 

«.^o| g^o)| tjsj^S.S S^S x|| 2 S'ejaish £p| x|| 1 »oj°| §y M 2 .S<ae+^o|| w*ei a|(^)£ias ehE*|| s|-°to| o)|Lix|a 
si 2AKBg^)o|| o|sH IS^ttt 7^x|^. ^izfl^x^AH.^i ggg^g *}5iSl\ e|e|o|| 5iolAio| ^ 1 w 0 jof 2 f 

4,^ | XH| 2 ^SSESol ^o)| qgoh^ °g«o| S^SsSdi 8^s|o| y# f§£S Sfe y£*H|rl;XK 

XHMOlhcHI 5IOHAH, At 7 | S15.*|| e|a|o|| SaCHah°| £p| gw§ 7 |-x|21,a} 7 | z| gQ4 0 | zvzj S-#7h ea^ si 

4=^1 S^-Ss#o)| S-a^loi sife sgo £ y£^|>ixK 

S^l,h2 

H lEfaSS y5E*H|«^o| o||Lix|gjs| 2AH»| °|§H asg^S y£xH|«^osAH,At 7 | y£«l|efG[2| ^-^l o||x|^o)| Ap| g}i*i|et 
at^ sSlhoiiah u|fao S »ws -^,^1 .^-^h gAi £ |oi 01^. ^§ s S o 5 § fe SJ-£*)|^. 



8t l «M4 

*i|13tW| Stl^A-], S7|*fc ««S|0|7}&7| °|^7^| 0|M, £E» 3/zm 0|«h£ «g=|0) 2i£r 3dS ^§ 

£5. *fe W£*l|ttfet. 

*l|13»0|| °[C>| A-| ( Ap| *7|^fe ^S-f^l S0|7|- y£E*i|^^l 0\^, E£*h 3/zm O|o^ tJAH£|oi 

*iH2t)-o|| 5iojAi, bj.£*i|eWS cHft^ ^# y[x\^ gysi g^sl^.-fePI c|)§§fe Soil zfzj- £PI #71^ 

al^aSS e*JE*ll&Wo| o||Llx|ffls| ^a\o\\ 9\n aS&SS e*5E*H*W®* yJEfll^hS-H.^I S}£*neW£| nrfl oil* I 

3HH7»o|| flow, #7| Bh£*H &|eH ggS ^g^Jif 7i|o|HS^^ = all£!Sei* ttW£Hx|:±E|7|. -§a| 

0i|,A^7| #7|ip.fe &y\ ?i|0| ^ogc*o| -oj oi|X|-^Oi| §AH£|cH ^S^M &J-£*H:*:*K 

«iaaa y^i^o^, zi uiaas as^am a a mi on h^£s uiaas bjs 

xH|«|°[# gtittt^ ^S^Ap] uiaas oilMxia^l °|*H a«43«*l*lte £S f2£^ «H=- 

*H19»o|| &OJA-), m 7 | oi|L-jx|*jo| a||o|x-|S f 3^, o|^£j§ oji= s[L[f 3# ^§££ *fe y^*l|et°tH| n 

*H20fH>ll 5icHAi, Ap| oilMxi^ol a| A|Dja||o|x|a# £fofe ^S^^ «KEx-i|«t^s| 
8^*22 

o| ^o^Oii xiOiAioj g§t!|Mcf HB^ A|7|0i| ^M?\5L, 3 ^ «0|| ^Ajj ^j. M 7 | ^Xj^H^ AV 7 | ^^0{| °±0\ 

Ai ^§^o| s-Ay c£- g§AH^3p| o|goi| f^f m^oi aS^S-Ai^i^ ^S^^ ^fe y-ixi| ^|°[°| ^|^^^. 
S^fh23 

3HI22»o|| 5JCHAH, cHy^BlS g}£*B^atoi| 9lo]M i 0 0 ^£c[ n^=.7i| a^lH^Ml , y£«|sfatfi| ^S-?-oll &cHa-|o| 

g§iHf g^Oi| 5iCHA-j o| ^xh^^c^ t^s A|7|0l| ^ A | 7 |^ h| £ ^| u|o|o| X-i|^a^ 

S^S24 

^!23thoi| °lo\M, #7|§a}« 7^x|-^ ^^-| oi|x|# atif^oi, ^-^| oil x | oil °1cHaHo| oiyx-iE|oi| °|^H ^ 

hi go| goHoi s^tkoil 5icHA-io t in|^^^ s^o| a-fbo^ ^21, Cl:^^^A^ ^S^-# #^^-o|| u|^oi BH^Til 

S9-&25 

bjcj^g yE^ir^f oiyxi£|oi| °|uH as^Aj^j yE^]^ D 4f ^x^xi-^a^a^i b|^^§ Hh^^i^°r°| ^S-^ofl 5i 



SicHAi SSffljol tfg ISgSm^l o|So)| S§ah*u|£| bjdj # 7hx|fe ^# sgo 5 s te *}£M\± 

x ^ 

S 9-^26 

S^l^xl-on'otcHAi.A^i u|^g§^e|a|# !§£^oi 0|^-cHx|^ 2o|d4,^7| 2§S «KE*I|§2| *H£ 

"Ht26mhcH! 5i&1AH, SS^^^tf^MS^-S- £^l£j§^# ^^^-c u J?f£S SS^ S^O| g^ £ |oi 

S^th28 

3^th29 

■^■oil b|jiis|-cH SSSf nM€:S.7[ S7|(¥WS§SI- S«o| S^s^&l 2ife 5!# ^§ °S Sfe 
S?th30 

S^§31 

^l29#o)| oicHa-] i a^7| ^7|S§^ gs<S *Hy§^ &*||Jf# S = o S fell S#A|^ ol^o^fe ^§££ ^ 

S^S-32 

*il261K>|| 5i<»Ai t a^7| §gn Aj a |g aj E |s;ii|. 7)| = d|-h ^ « o S «|.^ ^° ^go S 

*h 

8^33 

aH^S^, -fePI ^*o|| «H*I£! Si He)|°l^^# ISi &hE*llSo| 7|eAK>)| §ah£|cH o|^.cHx|fc gt- 

^|2£uv S0 || ojo)A-i, Sl^th S°i£H 7|£!-2i °l<»l &t^w ^S^K 

a|^# SA)^oi o| 2§s^)-b §§§ ^b|s|-fe. 5# s§£S ste «}£*l|^:Xh2.| 

S^lh34 

Ai|33t!-CH| SiOiA-i, S§A^^B^|oie=g 4:^S2iB) HSflejg^# gS^fe «J^£S I°j^££ ^ 
§£S ohfe g>SE*l|^X|-S| 

S^^36 

s| H|2&ngjoi| Si<>|A^ *oig 7|bi-o| ^|o|| b|ygg^ hvo|§ SS^K 4.^1 blt^SS g}S^|a[^2| |J^-cH|, o| 

^^°| 7HA|§£# £0|^ #^#S 0|S.^oi^0i »*Sffe SAHg^ ^7|1§^ S^^AHgg 

^1 AilZS^^. 



§^©39 

Xi| 33^011 oiQiA-1, Ap| cH|Lr]X|«|0| Q|| A| Q\ B|| 0|X) gj o| ^ -g ^g£^ f>[± ^M\^X[9.\ X|| 
§^§40 

7|©^o|| diaaggs. o|^o|x|fe y|°|oi| 5A[g£^, -fep| u|£}a§S# £Efe ^HlS^foi §SS1^ 

81 o| ^7|5E^ So||Lix|^o| «. s m|fHo| 5§g a 1.7 1 gx|A} E no||A-j ^Af^-b ^# fSHl 3fe y-^x-il 

^|40H-Oi| oiQ^Ai, AV7j S0flM^I^HH| ^-iUHld-B gj^4|0]| 5iOjA^| °j^0i|Ai Df#ffi£^ ^ZES7fl §7^7iL} ££-^ 

§^©43 

*U42*WI aJ^H a-| , -y-7| »o|u|x|a5ES| -£i£*Hfd€- *|^« 2 7Ha| z|z| ZMsl«e! S# ^ A l°il #ZKd* 
S^-S-44 

*il42tho{| SiOiA-i, Ak 7 | oi|Li*|^io| "snHfj-s 27Ro| Z|Z| ^AHOJ 2hg ^A|0]| 5A^2, £££!- 4PI &S| 1 7HSl| 

S^-S-45 

7i&-y-oii gAHHi aiaasss oi^otxi^ ^i°|ch! ga§ 5x^2, w- ^7 1 ui^ass* as s|- BE-^ xHaSSWfe- 

H^^|Hfo|o| *|| S yflo|| SiOlAi, Ap| Zi|^^^-E ^fl ^|7|<y^S SS^I 0|Ako^ ^X|ofo^ M ] j gH) 0 | 5A[§ 

^|45S"0|| °iOiA-i, At-71 0 |AVo| «op| «o|7| 7^7^r^7^^ CO] 1 0" 5 torr 0|AVo| ^ # ^xjo^ b>£z-!|^n| 

7|&-y-0|| odAH£| y£^|°|0i| m±tl ^7| S^^|^i^|°|# §S^A|^ ^ ol^. 0i|LiX|# AV 7 | yji*H|°jO|| ^oi^ 

X\\ 1 Oi|MX|anK AV7| xi| 1 0l|LiX|«jH^ a^7| gzji^l u>£xi|°t°| #^#0| ££°[ ^7 1 S^xfl S§^fA|g ^ oi-^ 

0ilMX|MCF ^l-B 0J|L1X|# AV 7 | g^jfell yi*i|°t0l| ^0i^ ^| 2 Oi|LiA|«J# ZEA^Oi, A}7| g^LSJI §§SW?I^ 

S^P-S-48 



S^S-49 



Aloll, *p| 351| 2 oWlfcie g ? «| tt£*|ata| *;^n*r?\ &\ S^*ll S>£*liets| ^»i|2| o|s|o| ^# ^§£S 

*B471HH| 2i(HH *PI * 1 oi|uix|HS £PI S^aK** &?l S^*ll ttS*«t's| fi^fil cn*4 10 uH 
S?«51 

*i|47«HHI SJolA-j, jh| 1 o)|Llx|"j §y JH| 2 o||Mx|as Ais. s^o| c\m H£J £w f§££ °Kr fl|2^S. 
S^th52 

5M511WI SI CM, Sfl 1 OilMXlgjS OHMXlgJS! S*|o||.*j7| *1| 2 o||Lix|BS *l^« 7KIS st$g£# «#«t£< 
2!S ^gsk ofe «h££*l|e|a| *i|2^S. 

*ll52tWI SJolAi, q 1 oflMxigjs b||o|x|S°I #a|o)|,^7| s|| 2 ol|L.ix|gJ-E sj2|AjHH°l sfe gt£*|at&| 

a. 

«9-tte4 

*l|52»oa 2i<»A-i, XH| 1 oflMxifflS a)|o|xi^°l #A|og,^7| M\ 2 <H|L1*|Bie «ISSe! 3d§ ^§°i *^ *»3Eg«j. 
S?t55 

3HI52SCHI flow, Ai| 1 oHMxiae e4|0|^S°] #A|oB,tf7| * 2 ol|L1x|&€- *|a|chh =90] 3d# ^S££ Sfe ahS*l|Bt°| H|5?f 
§^56 

A)|51tK»| 5iCHAi, A} 7 | *)) 2 0||LiX|Hj^ Sl^tl 7WS ^^0||Ai X^£fg<*°| J*&gS* ^# S§£S Sfe B.HE 

Xfl2^S. 

8?»57 

JHl56tK»l SicHAi, All 1 o)|Lix|Se z\\o\xi%<=\ #A|oq,4p| *l| 2 o||LiA|gj§ 3Al|fe#HHA||yH^o| 5 § sgog *fe tf£*|Btsi 
Ai|2^S. 

SII511MI ?lO\M, £p| 3HI 1 o)|Mx|U §J AH| 2 oflMxIgje S||0|X-i#°l 5|f§£SS|fe ^SE*II^I *i|5 6h3. 

*1|58?KH| <SXO\M. A_p| a|§£j *J a|-E^Bt0|O| ,&7| fl| 1 Ofl Li X| £| -g Ohs^s = £ s q«A|Di^|0|Ai, lUff^ 

o 2 Qil A|CHal|0|it, aAilfeS^: 5!|A|[>1ei|0|Ai 3Ai|^ = ^2.s S!!A|CHSi|0|Aig°| CHi^ smS| El|0|X^oj §.A|0)|,-y 7 | ^| 2 0)| 

Uj X| aj -g Ohs^Ei|0|Xi°| 3||0|X|^oj 5* ^ISg,^. 

AHl58fJol| SicHAi Ap| 7 |nhs = £ |7|nh 0 |oi, a} 7 | g^L*|| uh£*l|e|-g ^a|5^0|Bl ,^7| Ai| -\ o)|uix|«js o|- = ^#^.a 

s wix|Diei|o|xi ' #ejB#^=L 5i|A|Di2i|o|xi, 3Ai|^^^ °i|A|cHe||0|xi aAi|^#^-2.= QijA|cHBi|o|xH#o| cH^ *ma| Efl 
o|xigo| «A|on', *J-7| x|| 2 of|Lix|^o S AH e^7^e)|o|xH o| y|o|x^°l 7jf sfe ehE*|| a|a| »||3=»fl. 

All 4 7 &0|| 5jO]AH, At7| *)| ! 0||L1X|a §J A)| 2 0)|LiX|^jS 4} 7 | Xj^i*|| UV£*|| o|ot| °JCHAi£| UH=|J2| ^Q^CHI 5A|8fe ^ SXIO 



S^th62 



*|47»0|| <SlO\'M t *i| 2 Oi|LiX|HJOi| 910\M9.\ S^*i| B}£«|StO||aJ ^Afg<*-£ t A} 7 | Xfl 1 CH| Lr) X| SCHI SJO]Aio| Ap| g^. 

sua. 

§^64 

*i|47&0|| °±0\M, XH| 2 Oi|LiX|gJ-E, *\±t} n 1 0{|LiX|Hj# 5SA^p|0i| 5A[Sfe fg£^ Shfe *i|2gj 



fll64»0|| SiCHAi, H}i£*||O|0| §AHQ 0|#A|?|fe #A|0i| f A^| Xfl 2 Oi|LlX|ae H>£*|| °|0|| SjCHA) 

£| £P| *il 1 cH]Mx|^o| ^a^|x|M^ m 7 | 0 |gas= gg^a| *l*|o|| 2Af§^ f§£S efe 7H|3£^a. 

*H47»0|| SiOjAi, X1| 1 CH|LiX|Hj-B ^JI^°S 5A^fe Ap| XH| 2 0||LiX|«|-S o^*jo S 3£A^-^ ^# ^J£^ ^i=, 

S^th67 

*il66t!-o|| ^ioiA-i, ai. 7 | xi\ 1 cH|Lix|Bj^ ^>,^x|o| e flo|x^o] t^,^7| xi 2 cH|Lix|g-B S^Vasi B^|0|XH^o| 7^1^^ 

*H66SWI ?l0\M, 7H| 1 CH|LiX|gJ^ m^*|o| S^|0|Xi^o| o[g f ^7| xg 20i|LiX|Hj-£ gno| go] ^ # ^go^ §fe 

*B47»0|| ^iCHA-i, xp| x!| 1 0\\L-\X\*± gj X-|| 2 Oj|L-iX|«j€- AH^. ^7|A|^A-) 7j|?jo S 5A[3fe ^# f§£l 3R= Hh£*l| *l| 

S^S70 

XH|69S-Oi| 5iOjAi, M 7 | xil 1 0|iLiX|«i# 5A[Sfe q| 2 CH|L1X|S« 7|£J-Mt0|[*| t SE°i ^7| 2 0||LiX|g«o| ^ 

Af 3*7|S| 2/3 0|3fo| 7 |^o| Tjffgo^ Hh £ *||D|.o| X-j|^^g. 

S^S71 

fll69»0|| ^OfA-), A^7| x-i| 1 Oi|LiX|Hj a, ^ g ^ ^ X | g, g ^ o| ^ 0 |xi^oj 5§sgo £ ^ Eh£*0 

S^FS72 

^1|69E^I 9iO\M t ^7| XH| 1 0||LiX|«l-B S^WSS| S^O|X^oj ^,^7) ^|| 2CH|LiX|«J-B yS^2£ §§£|^ By H o| ihoj 



S^F»73 

fll47»0|| ^OjAi, av7| xi| 1 o]|Lix|HJ °i XHI 2 OilMxiaj-a a^7| g^i^i u|i^|o[o| 300°C 0|Af ^OO'C 0|*ha| 7f<gi|i^ 
S^FS74 

fl|47»0|| ?JOiAi t A^ 7 | xi| 1 Oi|LiX|HJ °J X{| 2 Oi|LiX|£J^ A^ 7 | g^L^| Hj£^Dj 0 | 60Q - C 0 |a^ 110 0°C 0|^o| 



S?»75 



*l|47»0|| 5iOiAi, #7| S^*|| yJE*0^O| g#S 7|©# o|EiO|| °|BH 7«Sfe g§§ 7 ^|- f§£ £ U^|D|o| 

«l 750|| SJCHAi, AV 7 | g^ifli Hh£xflS+o| g£g 7|£K)| 300'C 0|^ 600'C 0|*hS| g£7f £|£E^ S # ^§£^ Sf£r y-H 

*||a|o| *]|3£»ffl. 

■S?»77 

*l|47»o|| 5iOiAi, Xi| 1 oi|Llx|S-E #7| g^x-ii *J£*||eto!| 2iO^°| ^ gqo|| SAfBfe §a|o||. 

^|47»0|| aOjA^ £p| XI 2 Ol|LiX|«J^ A^ 7 | 7 |5o|| 2iCHAH°| &^g 0 | #7| y£*|StO|| 5iCHA-)o| e 5# ^ g 

S?S79 

*i|78tM| 5iOjAi, #7| n 1 CH|LiX|gj^ A^7| b^«|ajo| AV 7 | g^i^i u^^j of o| d| = ^|o| o=j^o| 7 ^o| 1Q U || 

*l|78»o|| SicHA-1, ^ 1-7 1 7|5-E #a|7|EK>|oj f fep| g^x-fl "J-^l^-B h|SS 4la|fi&W'o|Dl ,#7| *i| 1 o||Lix|«j-8 o^^f^S. 

s 9!|A|DjEflO|X-| ( tH^i^B OilAlCHBJlOlXi, 5La1|-^«^ Ql| A|Dj b|| 0|X^ £E-^ 3Alfef^£2 <*] A| 0| X-) ^ S>| qJl. 
0|X^o| #A|0j|,Ap| ^| 2 Oi|LiX[«|e Lf-y7^B^|0|X-(o| £^| 0 |Xi^o| fgo^ Bf£*|| nj.o| X1|S«^. 

7|e^0|| g^g gj^fli HJ£*||B| S S§^A|?|^ bJ£*||D|o| XllSEg-^S-M, Ai| 1 0i|LiX|HJM Xfl 1 SA^Efcal, £J7| X]| 1 

ol|Lix|y Mch ^7 1 «JH*l|&ts| #^#o| sfe *]| 2 o||Lix|*j# 5Aftfe Xfl 2 £A^y § ^ b |*h S# ^§o^ Sfe 

S*S|3H|2S*|. 

*H81tKH| aojA-i, ^7 1 xi| 2£&A^e-E #M#{1&mtt)°g- *\\ 2cH|Lix|«j« ttWfcH=£! ^Ajoil, SEtl&?\ n 2 o||L|x|H# S 
S^S83 

*fl81*h<>1| oj a-| t SEtJ" ^7 1 XHI 1 oi|Mx|gJji|. m 2 o\\l-\x\*}^- o]± o_h^, c[#^# j=^a|7|-^ "j-A^^ ^d|^ 

H, ^7| 7H| 1 0jiLiX|HJ at x-ii 2 0||L.1X|S# S.^- S^^l ^£3! ^ 7^| ^^H^ °'A^A|^|^^ ^AH^^ ol^. £go^ 

S^S84 

»ll8l»oi| 2 u a| ah, A^| b|§s 4|a|S^ato|Qi ,^7| x\\ 1 5A^y§ ofsgf j=£s qs| A |&) Bi|o|3q f #H^#^- 

2.e ^AlCHB^OlXi, 3Ai|-b«^ qA|O]^| 0 |Xi 3 A1|^#^o s Wj A | ^ ^| 0 | X) g S| ^j-^o| ^A|0i|,^7| Xj| 2 5A^E(§ Of- 

S^»85 

fll8i»oi| siojAH, A^ 7 | 7| 5 o «a|7|Bo|Di, ^7| s^p-x-it 4JalS^sto|o| ,^7| xj| 1 oiiL-|x|a^ o^^t^s 

S WjAlCH^IOlXH, oilA.lCHB^IOlXi, HAi|^<S^ °i|A|CHEH|0|X| oq A | CH B1| 01 Xi go| o\± t[L.\o\ ^^\ 

0|X|^oj §A|01|, A}7| XH1 2 0j|LiX|«j-& BhAJ^^^jojXioj E^|0|Xi^o| ^ f§£^ o|o| XflS^*|. 

S?S86 

^sA|go4ji f ?§sis¥S^e 7Wfe 7ie^oii yi^^ss ^H*i«tttWj oiiMxia# ^a^ ^§ ^^m^ ss-i 

7^1^ "i£*i|^atH| XH£ H ja£^ t Ap| ^ S A|gqo^o| x|| 1 £A fe BJo| ^DjgA^ol Aj|(H^)o| o|| ^ X \ «J « A^SJ Oi |g 
o}-^ Sjg, ^7| ^£j^-?o|°Ejo^o| XH| 2 5Afe «Jo| cJo^Mol Z|^(^^)o| Qj|LiX|S# A(-§3|-J1, ^7| X1| 1 ^AfS^ 



0^°|o| Xil3S^°SAi, AV 7 | 2^ 5 A|ogc*o^o| Zi | 1 5A fc 7|^Ol| qj^Oi ^qj^o^ Oj|LiX|Hj-i ^ak^^) 

S^l, Oi|LiZ|go| ^Afg^g £Hl2j|o^ d|^|7j| 3|-ajA-j 2A^fe ^Aj^A^oj o[Q f Ap| ^£|^ifig o X -fl 2 ^Af 

tt #7| 7 1 ©Oil CH«^ AVp|^o^ 0||LlX|«Jg HS3f0i gxKUjh^AjOl^, *i| 1 5A[MC[ fe« 0||LiX|S£ES. S 

S^tJ-88 

*ll87»o|| SicHAi, xH| 2 7 | ff oi| q^oi a^^o^ o{|Lix|y# 2§S ^eBs. 3d# 

7Mfc Hhixi|^°t°| Xil^^go^Ai, AV 7 | ^fiAia^Bf a^| g^O|| 5tlO|A-(o| ^- § o| s-o| g^o|i q| *hOf a ZfZ* 

A1^ Oi|LiX|°'i^. BEol" AV 7 | £^£A|gQ=j M ^ A^7| rp^^a g<*^0| 0|| M X| °J£S. CH| M X| «J o| ^ 4* 

*l89«oll xioUi, a^7| ^§a|s^a^oi| 5iojAio| ^7| z| <gc*~ b||*|S|s 9 aF=l S a||x|^&)# cHJn ^mt T*£|*hfc s 

£H^?i|0|^ °jjAHS|-£- <g<^o_g_o| Oi|LiX|S o| 5 A^, go4o^o| Qj|MX|*jo| S A^C|- 0i| Li X| °J JE^. 3d# 

*|-& y^E*l|«|^°| Ai|^So^Ai,Ap| i|-A^SA|S«Oi| CHS*hg^O| A^7| ^S|^S^O|| CHSS S^MCh ^7| 0]|LiXj«jo| 
^#0| SohOi, AV7| S^ S A|S^ °J AV7| TL#*|S^a^o S o| oj|LiX|HjS| ^Af# §A|0<| ^§2^ 

fe e>£*l|HWs| *l|3E«-ffl. 
3?th92 

7|©At-o|i gAHHj y-H*i|^t°tOi| Oj|Lr|X|«jS ^A^Oi 2§£§A|7|fe 7 W H}£ *J| «j-D|o| X||£^ O ^ , A^| 

Ai|92^0i| oiCHA-i, M 7 1 5^^X^ «^^o^_ CH|LlX|^loj ^^AHg 7^|-^ 7|-X|^,A^7| ^Aj° g^oj| ojA^o]- 

chimxisS aq^ f-^Aj^AH, a^7| bi^as y£*||^°to|| sa^?^^^ ^ ^£^|a|°|o| 

OHUXI^^^S^BOIIAH Oil U XI S e OilUXP^ ^§£| §i5fb ^I'llxBi ^blSm, 

6PI HIM XI BIS 5IB4fOII blB^S ^SEMI^sfOII ^§AI3l^ HSa^Brsi SSSflS/d, 

E!! 0]|LiX|Hjoj i=L^° 0 | A-j g_ go4# 7W^ ^01^11,^71 S^f #3^0i A^| b|^g§ U}£*|| ^0|| °i(>lA-| 

o| *L^o\ g^Oll, A^ 0||L1X|°«HS ^7| 0]|LiX|^o| ^ A f# ^AH£| f§£^ B_l- £ ^| ^-ojo| ^^c^l. 

AH|94^0|| SiajAi, Ap| iE^ Bh^HfD|o,| o| S || A} 7 | 0||LiX|go| ^^§0| Aim g^f 7FX|i^ ^AH £ |o| ol^ 

H94mo\\ °10\M, ELtl 7|&0| uHa|£|-^ 3gtH# ^b|sf2, ^^o|| §ahe| xf- a^ 7 | oj|Lix|Hjo| ^ A |7t 8*Hx|£ 



§^97 

o||Mx|bj |g^ E (3( i m?\ oil M x| ^S^oWM o)|Llx|gj§ o)| M^l^l^ E^t} ±%2-\ at^S^£S SSSfe ^a|a^ 

l§9 Oil LH XI £8 3M&&OII Uieaa gtSfliaWOII SAJ8J01 1§ g§A|9lfe Bf£«|HWS| Hi£§£|£AH, 

£*||etBts| *)|3=^*|. 
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